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INTRODUCTION 


The observations recorded in this communication have grown out of 
previous studies begun in 1939 and subsequently reported (1-8). At 
the time of our first publication we believed that ‘‘a systematic study of 
the action of carcinogenic agents upon free-living, single-cell, and small 
multicellular forms over a long period of time covering many cell-division 
cycles would throw light upon the mode of action of the same agents upon 
mammalian tissues” (1). This belief is supported by our experimental 
data, but recent observations have focused our attention not on the 
carcinogenic process as such but rather on the more basic problem of the 
environmental factors involved in cellular survival and adaptation, of 
which the problem of carcinogenesis now seems to us to be a part. 

That cancer is the result of a process of cell adaptation of a special type 
is suggested by the association of carcinogenesis with: (1) Chronic 
irritation, (2) a prolonged incubation period (clinically and experimen- 
tally), (3) the various precancerous conditions described by pathologists, 
(4) certain features of the process of cellular immunity, or adaptation. 

Immunity to toxins, proteins, and other foreign substances can best be 
induced by interval exposure of the body cells to small sublethal amounts 
of the substance over a considerable period of time? Likewise, cancer 


1 Received for publication January 10, 1949. 


? The data revealing the importance of interval exposure in cellular adaptation will be presented in the second 
paper of this series. 
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can be induced experimentally by numerous chemicals, energy agents 
(X-rays, ultraviolet light, etc.), and other external and internal factors 
acting for the most part over long periods. However, a steplike deriva- 
tion of cancer (gradualism) does not exclude an alternative concept of a 
sudden mutationlike change. Indeed, these two processes may be one 
and the same, for the observed sudden change may really be the first 
visible manifestation of a series of stimuli which have extended over 
many generations. It should also be noted in this connection that some 
carcinogens are also mutagens, or mutation-inducing agents, e. g., methyl- 
cholanthrene and X-rays. 


REVIEW OF OUR PREVIOUS EXPERIMENTS 


In our first studies of the effects of carcinogens on single-cell species, 
Samonella typhosa was exposed continuously to the gamma rays of radium 
and to methylcholanthrene for 192 and 240 daily transfers respectively 
(1). No morphological, tinctorial, serological, or biochemical (sugar 
reaction) changes were observed. 

On the other hand, when a protozoan, Paramecium multimicronucleatum, 
(non-clonal population) was exposed continuously for more than 1 year to 
methylcholanthrene over many cell-division cycles, these organisms lived 
longer and reached higher population levels, as measured by a simple 
survival test. The organisms were cultivated in 25 cc. rubber-stoppered 


DEPRESSION PLATES FOR OBSERVING POPULATION 
INCREASE AND SURVIVAL OF PARAMECIA 
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bottles and transferred in series every 10 days. Two grains of rice were 
added to each bottle in order to increase the bacterial flora, which served 
as food supply for the Paramecia. A brief description of the survival 
test is repeated here for the reader’s convenience. 


Technique of survival test.—Pyrex glass depression plates (text-fig. 1), each con- 
taining nine bowls of 1 cc. capacity, were used to observe the cell-division rate and 
the survival of normal organisms, of carcinogen-adapted organisms, and of organisms 
adapted to noncarcinogenic chemicals. 

The depression plates were first placed in a concentrated chromate-sulphuric acid 
solution for at least 24 hours. They were then rinsed in tap water and placed in 
50-percent nitric acid for another 24 hours. Next they were placed in a liquid soap 
and cleaning solution prepared from a commercial powder known as Oakite (trisodium 
phosphate). After thorough rinsing, successively, in tap water, in distilled water 
overnight, and in the buffered paramecium medium, they were drained and used 
immediately without drying. 

About 0.1 ml. of the culture of paramecia to be tested for survival was placed in a 
watch crystal containing at least 5 cc. of the plain salt-solution medium. This diluted 
the organisms so that they could be easily picked up with a capillary pipette, 1 or 2 
at a time, under a dissecting microscope, and transferred to the bowls of the depression 
plates, each of which contained 1 cc. of the salt-solution medium. Routinely, 2 organ- 
isms were placed in each bowl which gave 18 organisms to each plate. As a rule 4 
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plates were employed in each test, thus starting with a population of 72 organisms. 
A daily census was recorded thereafter. 

The results, of course, did not permit us to say that the carcinogenic 
process was induced in this single-cell species, but the high population 
levels as well as the greater survival value of the individual organisms as 
compared to those of the untreated control strains was interesting, and 
was the type of changed behavior one might expect a free-living, unor- 
ganized, single-cell species to display when exposed to a carcinogenic 
agent over along period. Text-figure 2 gives the results of one test among 
many. The methylcholanthrene-exposed strain of paramecia was capable 
of invariably yielding the high population levels as well as the increase in 
the survival time of individual organisms over a period of several years 
of its life history. After the fourth year of continuous exposure to methyl- 
cholanthrene, however, this strain of organisms began to weaken and died 
on the two hundred and fifth transfer, after more than 5 years and 10 
months. All six untreated control series survived for more than 7 years. 

Furthermore, our studies on Paramecium multimicronucleatum have in 
some respects paralleled and supported observations of Jennings (9) on 
Paramecium bursaria. Jennings found that clones of the latter species, 
like individual bodies in multicellular forms, pass through a period of 
sexual immaturity followed by a period of sexual maturity, lasting several 
years, and then a period of decline (aging) during which multiplication is 
slower and the death of individuals becomes frequent. Finally the clone 
dies out completely. The same cycle of events was observed by us in 
each of six control series and in all series treated with carcinogens and non- 
carcinogens. 

The behavior patterns (high population levels and increased survival 
time) did not appear when the organisms were first exposed to methyl- 
cholanthrene. A survival test carried out at the time of the sixth transfer 
(60 days’ exposure to methylcholanthrene) failed to show these patterns 
(3). They were first observed on the thirty-fifth transfer (350 days 
exposure to methylcholanthrene) and might be considered as a delayed 
response of the species to this agent. In this connection Earle and 
Voegtlin (10,11) found that normal tissue cultures of mouse fibroblasts 
exposed to methylcholanthrene did not respond with structural changes 
until about the sixtieth to the eightieth day of growth, although there 
were immediate toxic effects and a slowing of the rate of cell division. 

The high populations and increased survival time were not observed 
in strains of paramecia exposed continuously to radium (a well-known 
carcinogen) nor to crystal violet, eosin, neutral red, or phenanthrene (non- 
carcinogenic agents) (7). 


EXPOSURE OF PARAMECIA TO NONCARCINOGENIC AGENTS 


Text-figure 3 tabulates the final results of an experiment on Paramecium 
multimicronucleatum begun May 10, 1939. It may be seen that the six 
control series survived for more than 7 years. One survived for nearly 
9 years and was transferred 299 times. On the other hand, the first 5 
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series treated continuously with various noncarcinogenic chemicals sur- 
vived for periods far shorter than any of the untreated controls. 

Such results suggested that a long and continuous exposure of paramecia 
to these agents shortened what might be termed the normal life expectancy 
of the species. It is not clear to us why this species should die within 7 
to 9 years under what is considered to be optimum laboratory conditions 
for growth, multiplication, and vigor of individuals. As mentioned above, 
however, the result confirms that of Jennings on another paramecium 
(Paramecium bursaria). No morphologic changes were noted in any of 
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the treated series or the controls. As each of the series aged, the absence 
of conjugants and a slowing up of the motility was noted. In all cases 
the results suggested a gradual steplike change, an inevitable aging of the 
species. As the years passed, it was noticeable that the peaks of popula- 
tion in our standard survival tests of the 6 untreated series gradually 
became lower, and after the sixth year only a slight multiplication was 
observed. It became apparent that the species was becoming weaker, 
and it was not surprising when the transfers failed to grow and all efforts 
to preserve the strain by inoculation from earlier bottles in the series 
containing living organisms failed. 

Our results and those of Jennings apparently demonstrate that parame- 
cia, under laboratory conditions, may pass through stages of youthful 
vigor, maturity, senescence, and death. The conclusion that the species 
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passes through a similar cycle in nature is unwarranted. On the contrary, 
the fact that it was found in nature and brought into the artificial condi- 
tions of a laboratory suggests its existence over an indefinite past. On the 
other hand, one cannot exclude the possibility that certain families or 
strains of this species may have died out under natural conditions after 
long exposure to a constant environment. 

No conclusions can be drawn regarding the effect of artificial laboratory 
environments on other single-celled or multicellular species. It seems 
reasonable to conclude, however, that environmental conditions apparently 
optimum for individual organisms and cultures may not necessarily be 
optimum for the species if continued over long periods of active growth 
and multiplication. Further, it seems that the normal life expectancy 
of this species may be shortened by various chemical agents. Such results 
are not surprising when one recalls that many multicellular species have 
appeared, prospered for long periods, and finally disappeared. According 
to Henry Fairfield Osborn, president of the New York Zoological Society, 
“More kinds of living things have become extinct than exist today. The 
price of survival is high” (12). In this connection, it should be noted that 
many species of bacteria have been kept in laboratories for 40 years or 
more with no apparent loss of vigor so far as multiplication rate, motility, 
or other characteristics are concerned. 
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EXPOSURE TO A CARCINOGENIC AGENT 


Can the life-expectancy of a paramecia as a species be increased? 
Text-figure 4 gives the results of treating 4 series of Paramecium multi- 
micronucleatum with the carcinogenic agent methylcholanthrene. It can 
be seen that all 4 treated strains died on April 5, 1945 (two hundred and 
fifth transfer), having survived for nearly 6 years. We have no explanation 
why all 4 of these series unexpectedly died on the same transfer. These 
treated organisms revealed the increased survival value and high popula- 
tion levels previously described. On April 19, 1943, after nearly 4 years’ 
exposure, these 4 strains were released from the methylcholanthrene, and 
transfers were continued in media free of the agent. Survival tests then 
revealed that the populations would reach levels not only higher than the 
controls, but far higher than the continuously exposed organisms (text- 
fig. 2). This was found on repeated tests and observed for 78 transfers, 
or 780 days, after removal of the agent. It may be seen in text-figure 4 
that these released strains survived for 2 and 3 years longer than the 
continuously exposed, and 2 of them 4 and 6 months longer than any of 
the 6 untreated control series. One hesitates to affirm that the exposure 
of a single-celled species to this carcinogenic agent followed by a dis- 
continuance of the exposure, increased the life expectancy or the survival 
value under laboratory conditions of the species, but the results suggest 
this conclusion. 

On December 30, 1943, and again on May 15, 1944, transfers were made 
from all four of the continuously exposed series and were continued in 
series every 10 days as usual but without the addition of methylcho- 
lanthrene to the media (not shown in text-fig. 4). All eight of the strains 
released from the carcinogen also survived for more than a year longer 
than the continuously exposed strains from which they were derived. 
Subsequent observations on bacteria, to be reported later, have revealed 
the importance of the duration of the exposure period, as well as the dura- 
tion of the period of release from an unfavorable environment, in their 
influence on survival, or the failure to survive. 

Text-figure 5 gives the results of the continuous exposure of four strains 
of Paramecium multimicronucleatum to the noncarcinogenic agent fluor- 
escein. It will be noted that all of these survived for periods as long as the 
average of the six controls (the same six control series is recorded in 
text-figs. 3, 4, and 5) and that two of them survived longer than any of 
the six controls. This result suggests that certain chemicals may have a 
favorable effect on the survival value of a single-celled species, even under 
the conditions of continuous exposure. It is recognized, of course, that 
the same chemical may be stimulating in a given concentration and harm- 
ful in a stronger one. It was noted, however, that the multiplication rate 
of the organisms in those series continuously exposed to fluorescein never 
seemed to be as rapid as in the controls or in those exposed to methyl- 
cholanthrene. 

On March 23, 1944, transfers were made from the fluorescein-exposed 
strains and were continued without the presence of this chemical (not 
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recorded in text-fig. 5). These survived no longer than the continuously 
exposed organisms, a result which may be contrasted with the longer 
survival time of the organisms released from methylcholanthrene. 
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DISCUSSION 


In studying the effect of carcinogenic and noncarcinogenic agents on a 
strain of paramecium, our primary interest was in the delayed effect of 
these agents on the species as a whole, or rather on the series of succes- 
sive culture populations, rather than on individual organisms or cultures. 
No immediate effects were observed. This point is stressed because in 
a recent study by Tittler none of the carcinogens affected growth of 
Tetrahymena Geleii ‘as expressed in numbers per unit volume.” With 
the most potent carcinogen, methylcholanthrene, all four methods of 
measurement (cell counts, optical density, dry weight, nitrogen deter- 
mination) “failed to detect any effects on growth of Tetrahymena” (13). 
Tittler, however, did not expose this ciliate continuously over a long 
period of its life history. His observations extended only through the 
growth phase of single cultures in flasks. In our experiments the delayed 
rather than immediate response bears a striking resemblance to that of 
mammalian cells exposed to this agent. 

Since our paramecia were not propagated in pure cultures and contained 
numerous microbes of unknown type and in unknown numbers, it cannot 
be decided whether the chemicals employed produced the observed effects 
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directly on the protozoa or indirectly through an influence on the other 
microbes. In fact, a special effort was made to evaluate the mechanism 
of the observed effects. It was found that passing the supernatant fluids 
of cultures through a Berkefeld filter ‘removes from the fluid the substance 
or substances responsible for the stimulation observed,” and it was 
concluded that, “in view of the extreme complexity of the question, no 
attempt is made to postulate the specific mechanism of the observed 
stimulation or to enter into a detailed discussion of results” (14). 

While we do not wish to minimize the importance and advantages of 
working with pure cultures of paramecia, we believe our results and those 
of Jennings are valid. In our tests it was found by actual counts that the 
cultures of our six control strains contained as many and as great a 
variety of bacteria as any of the chemically treated series. However, the 
difficulty of maintaining paramecia for long periods of time in bacteria- 
free media is one of the reasons that our next study to be reported was 
limited to bacteria. 


SUMMARY 


Observations have been made on a single-celled protozoan, Paramecium 
multimicronucleatum, over a period of 7 to 9 years. The results suggest 
that this species undergoes a definite cycle (youth, maturity, senescence, 
and death) under laboratory conditions; and further, that the normal 
expectancy of life may readily be shortened by various chemicals. The 
data also suggest that by exposure to the carcinogenic agent methyl- 
cholanthrene, the life span of this strain may be increased. 

At the present time, the chemical or biological mechanisms inducing 
such effects are not known. 
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STUDIES OF SURVIVAL OF UNICELLULAR 
SPECIES. II. SOME PRINCIPLES IN- 
VOLVED IN THE SURVIVAL OF BAC- 
TERIAL SPECIES’? 


By M. B. Metroy and R. R. Spencer, National Cancer 
Institute, National Institutes of Health, Public Health 
Service, Bethesda, Md. 


INTRODUCTION 


Our previous observations on the survival of single-celled species 
suggested that for the time being we limit our experiments to a study of 
bacteria, since they are less sensitive than paramecia to slight changes in 
the environment and, therefore, require less care for maintenance. More- 
over, the cell-division cycle of bacteria under optimum conditions is short 
compared to that of paramecia, thus affording a greater number of succes- 
sive cell divisions during a given period of time. Again, bacteria may 
with reasonable care be maintained in pure cultures for hundreds and 
even thousands of transfers, while paramecia are difficult, if not impos- 
sible, to maintain in pure culture on nonliving media over long periods. 

Although we found in our early experiments that the bacillus Salmonella 
typhosa did not appear to be as sensitive to the carcinogen methylcholan- 
threne as the protozoan Paramecium multimicronucleatum, the exposure 
of bacteria to high temperatures rather than to chemicals seemed prefer- 
able, because (1) heat has been described as both a carcinogen and a 
mutagen, (2) a high temperature can be readily applied, carefully con- 
trolled, and promptly removed without exposing the culture to possible 
contamination, and (3) it is impossible, while making a culture transfer, 
not to carry over in the inoculum a trace of an added chemical. 

The tests here described were designed to explore the effect of a single 
environmental factor (heat) on bacteria when applied continuously and 
discontinuously, not only during the growth of a culture, but also during 
long periods of active multiplication of the species. As yet, no attempt 
has been made by us to study the intracellular chemical changes involved 
in the adaptive process or in the failure to adapt. Such studies, however, 
are planned. 

MATERIALS AND METHODS 


In the following experiments, Escherischia coli (Stock Strain No. 119, 
National Institutes of Health) was employed throughout as the test 
1 Received for publication January 10, 1949. 


| 
af 
> 
- 
3 
fe 
a 
ag 
a 
3 
Foe 
: 
| 
“a 
| 


12 JOURNAL OF THB NATIONAL CANCER INSTITUTE 


organism. The strain was not derived from a single-cell isolation, but the 
organisms were seeded for three successive platings on agar, and a single 
colony was selected each time. It has been shown that after three or 
more platings the probabilities are tremendously high that at least once 
in this process the colony picked originated from a single cell (1). 

In every test the environmental factors other than temperature were 
kept as constant as possible, with the realization that survival or failure to 
survive is often determined by slight changes in the external physical and 
chemical environment, as well as by the internal (intracellular) environ- 
ment, and by genetic factors over which we have as yet little control. 
The principles here set forth are based on results which were reproducible. 
All series of tests were performed at least in duplicate, and in the great 
majority of tests, 5 or 10 series of cultures were treated in an identical 
manner. Nevertheless, considerable variation ‘p survival time was 
expected and found. 

Stock batches of horse-meat infusion broth (pH 7.4) were used through- 
out, employing a volume of 8 ml. to each test tube. A more constant 
nutritional environment could have been provided by using a synthetic 
medium, but luxuriant growth and active multiplication were observed 
invariably in broth cultures as compared with a slight growth in synthetic 
media. In our experience, the rich stock broth provided optimum con- 
ditions. Text-figures 1 and 2 reveal the influence of both the nutritional 
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environment and the amount of the inoculum on survival. These factors 
are well known to all bacteriologists, but their importance in the survival 
and adaptation of a species has not, in our opinion, been generally appre- 
ciated. 

Unless otherwise stated, a relatively large inoculum (0.5 ml.) was 
employed in all transfers by means of graduated glass pipettes (1 ml. 
capacity). Each pipette was wrapped separately in tissue paper, sterilized 
by autoclaving for 2 hours at 20 pounds pressure (125° C.), and flamed 
just before use. 

All transfers were made in an air-conditioned room with walls and ceiling 
of stainless steel. Each day before use the room was treated for 5 minutes 
with flowing steam. 

Our five waterbath installations, three of which are shown in plate 1, 
figure 1, were designed specifically for this study by Dr. Wilton R. Earle 
of the National Cancer Institute staff. In most of the experiments here 
described, ordinary incubators were employed, and a considerable fluctua- 
tion of the temperatures from day to day was observed. However, our 
survival tests, to be described later, have given the same result in both 
incubators and in the newly installed waterbaths. We have no reason, 
therefore, to believe that the use of the incubators invalidated our early 
results, and variable results within reasonable limits have also been 
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obtained with the more accurately controlled temperature of the water- 
baths. 


Description of the waterbath: Each waterbath was a monel-metal lined wooden tank 
inside size 36X24X24 inches and was heated by means of 2 Aminco? ‘“Lolag”’ 
immersion heaters, each with heating units of 250, 500, and 1,000 watts and fitted with 
a selector switch so that any one of these could be used. 

The heaters in each bath were controlled by means of an Aminco Metastatic thermo- 
regulator operating through an Aminco Supersensitive mercury relay. On purchase, 
each thermoregulator was aged before use by keeping it in the waterbath at about 55° 
until each reading of the bath thermoregulator gave a constant temperature on the 
thermorecorder when tested over an interval of 1 week. The behavior of different 
thermoregulators varied substantially in this respect. Some tested were quite stable 
when first examined; some showed a continued drift of more than one-tenth degree 
per week over an interval of several weeks. The reason for this drift was never de- 
termined but was probably associated with aging of the glass of the thermoregulator. 

For each bath several thermoregulators were obtained, so that the temperature of 
a bath could be rapidly changed to another desired temperature by merely replacing 
the thermoregulator with another one pre-set for the desired temperature. 

Continuous temperature recording was kept on each bath by means of a Foxboro 3 
““Dynalog”’ recorder. Each recorder carried a 12-inch diameter 7-day chart, graduated 
to 0.1° and including a total range of 6.0° C. Each recorder was so adjusted that a 
variation of 0.02° C. could be read without difficulty. By means of a temperature 
selector switch, any recorder could be reset to read within any range of 6.0°, between 
30° and 65° C. In this way, for instance, if a bath were to be operated at 63°, the re- 
corder of that bath could be set to cover a range of 60.66° C. The water in each bath 
was kept actively stirred by means of an Aminco Continuous Duty Laboratory Pump 
of which the exit jet of fluid was directed to sweep the fluid of the bath over thermo- 
regulator and thermorecorder sensitive elements. 


DATA SUPPORTING THE PRINCIPLE OF CONTINUOUS EXPOSURE 


In the first paper of this series, we showed that a species of paramecium, 
following continuous exposure of an actively multiplying strain to various 
chemicals, would slowly die without revealing visible effects on the early 
cultures in the series (2). 

Text-figures 3 and 4 illustrate the effect of high temperatures on E£. coli 
under continuous exposure. In each of the 6 tests of text-figure 3, 10 
series of cultures were transferred daily from tube 1, to tube 2, to tube 3, 
andsoon. After inoculation, all tubes were incubated at the temperature 
indicated. 

It will be noted that at 47° C. (text-fig. 3, test 1) no growth occurred 
after the second transfer. This result at 47° C. has been so constant for 
both E. coli and S. typhosa that it is now employed as our standard survival 
test or yardstick to measure roughly the survival value or the degree of 
adaptation of all strains exposed during various periods of time and to 
various degrees of heat. 

In the second and third tests (text-fig. 3), the same survival time as 
at 47° (2 days) was observed when E. coli was exposed to 46.8° and to 
46.6° C. When exposed to 46.4° and 46.2°, some series survived 3 days 
but no longer (tests No. 4 and 5). When exposed to 46° (test No. 6), 
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STUDIES IN SURVIVAL 
CONTINUOUS EXPOSURE OF E.COL! TO HIGH TEMPERATURES 
TEN SERIES OF CULTURES IN EACH TEST 
DAILY _TRANSFERS-.5 ML. INOCULUM 
TEST 47°C 
NO. 
< STANDARD SURVIVAL TEST 
46.8°C 
DAYS 
2. E.cCOL! | 
46.6°C 
DAYS 
3. E.cCOL! 
46.4°C 
pays’ 
4. 
E.COLI! | +] + 0] 0 
46.2°C 
DAYS 
E.cOL! 0] 0 
46°C 
DAYS >|36| TEST DISCONTINUED 
E.cCOL! | +] 4+] >| +] AFTER 36 TRANSFERS 
+ = GROWTH 0 = NO GROWTH 


TEXT-FIGURE 3. 


however, all 10 cultures grew readily in serial daily transfers for 36 days. 
These were then discontinued because in a previous test (not recorded here) 
E. coli survived for 230 consecutive daily transfers at 46° C. In that 
test, however, there was no evidence of adaptation to heat, as measured 
by the standard survival test applied to the 230th transfer. 

In text-figure 4, test 1, it will be noted that E. coli was exposed continu- 
ously to 45° C. through 539 daily transfers. A standard survival test 
applied to a 24-hour culture derived from the 539th transfer yielded no 
increase in survival value over untreated controls. In so large a number 
of 24-hour serial transfers, there was ample time for the strain to display 
some adaptation to heat if a continuous exposure tends toward adaptation. 
Later we will show that adaptation does occur under rhythmic exposure 
to heat of the proper intensity and duration (text-fig. 8, test 2). 

It should be recalled that the average bacterial culture under optimum 
conditions passes through approximately 22 generations in 24 hours 
((8), p. 57). Our cultures of EZ. coli continuously exposed to 45° C. 
always displayed a good growth but never revealed the degree of turbidity 
shown by a normal culture at 37° C. Assuming that our E. coli cultures 
at 45° C. did not exceed 10 generations in each 24 hours, this would still 
mean that the organisms in the 539th transfer were descendants of a strain 
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STUDIES IN SURVIVAL, 
E. COL! 
5 ML. INOCULUM 
CONTINUOUS EXPOSURE TO 45°C. 


— penta FIVE SERIES OF CULTURES IN EACH TEST 
1. | DAILY + + + + ——— > GROWTH FOR 539 TRANSFERS 
2. | TWO DAYS +++ * " 275 " 
3. THREE DAYS + 63 
4. | FOUR DAYS | + + + +—— > " 54 ° 
5. | FIVE DAYS +++ 31 
7, | SEVEN DAYS| + + + +——< > ALL FIVE SERIES DIED 
47H TO 7TH TRANSFER 


+ = GROWTH 


TEXT-FIGURE 4. 


exposed to 45° C, through approximately 5,390 consecutive cell divisions. 
When the transfer interval was 7 days, none of the 5 series survived the 
7th transfer (text-fig. 4, test 7). 

These results, we believe, are suggestive if not conclusive evidence that 
the death of a species may be brought about by a steplike process during 
active growth and multiplication and that a continuous exposure to heat 
does not lead to adaptation but may slowly weaken and finally destroy 
a strain of E. coli, especially if the interval between transfers is prolonged. 

When test No. 1 is contrasted with test No. 7 (text-fig. 4), it will be 
noted that the same temperature, 45° C., applied for 539 transfers during 
as many days of rapid and continuous multiplication was not fatal but 
that the same temperature applied for only 7 transfers was fatal. In test 
7, however, the interval of transfer was prolonged, and, therefore, the 
heat was applied to each culture not only during the stage of active mul- 
tiplication (the first 24 hours), but also during the period of inactivity. 
This result and other observations to be described (text-figs. 9, 10, 11) 
suggest that cultures older than 3 days cannot stand heat as well as 
younger cultures. 

These results on E. coli, when considered with those previously reported 
on paramecia subjected to various chemicals, seem to justify the first of 
our tentative principles concerning the survival and adaptation of single- 
cell species: namely, 
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1. The continuous exposure of actively-multiplying, Sree-living, unicellular 
organisms to an unfavorable environment of a given intensity may not be 
fatal to individual organisms or cultures for a number of generations, but in 
time the strain will die. 


THE PRINCIPLE OF DISCONTINUOUS EXPOSURE 


Text-figure 5 (tests 1 and 2) compares the continuous exposure of 
E. coli at 47° with a discontinuous or interval exposure alternating daily 


STUDIES IN SURVIVAL 


E. COLI TRANSFERRED DAILY IN SERIES 


-5 ML. INOCULUM 


1. CONTINUOUS EXPOSURE 2. DISCONTINUOUS EXPOSURE 
TEN SERIES OF CULTURES FIVE SERIES OF CULTURES 
DAYS DAYS 227 
TRANSFERS| | | 2 | 3 | 4 TRANSFERS| | | 2] 3] 4 227 
TEMP. 47°| 47°) 47°|47° TEMP. 50°] 37°] 37° 50° 
RESULT +] + 0 RESULT +i ¢ 
+ = GROWTH 0 =NO GROWTH 


TEXT-FIGURE 5, 


between 37° and 50° C. In each test the growth of all series of cultures 
was maintained by daily transfers, using 5 ml. inoculum. 

Growth in the 10 series of cultures exposed continuously (test 1) was 
not present after the third day (third transfer). This is our standard 
survival test heretofore discussed. The 5 strains in the discontinuously 
exposed series survived for 227 transfers, or days. They were then dis- 
continued. It should be noted that the alternate daily temperature was 
3° higher in test 2 than in test 1. Although the alternately exposed 
strains received 113 24-hour exposures to 50°, they revealed no greater 
survival value than untreated control strains as measured by the standard 
survival test at 47° C. The results suggest that in this test an interval 
exposure was conducive to survival but was not conducive to progressive 
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adaptation. It was naturally suspected, therefore, that the duration of 
the exposure and of the period of freedom from heat, or what may be 
termed rhythm or periodicity of exposure, was an additional factor in 
survival and adaptation. We have already shown the importance to 
survival of the transfer interval, or transfer rhythm, under conditions of 
continuous exposure (text-fig. 4). Text-figure 6, test 2, also shows that 


STUDIES IN SURVIVAL 
€. COLI 
Gil F TURES IN EACH T 
ML. INOCULUM 
1, NO SURVIVAL 2. SURVIVAL 
DAILY TRANSFERS TWO DAY TRANSFERS 
x DISCONTINUOUS EXPOSURE 
TO 47°C. OF EACH CULTURE TO 47°C. 
TEST] TEMP. RHYTHM | TEST] TEMP. RHYTHM 37°] 4791379] ——>| 
|rrans. RHYTHM] 1 | 2] 3/4] 5 |TRANS. RHYTHM] 1 2 
RESULT +1 + 0 RESULT + + + + 
+= GROWTH O#NO GROWTH 


TEXT-FIGURE 6, 


even though every culture in a series received heat (47° C.), the strain 
survived when the transfers were made every second day and each culture 
was freed from the high temperature during the second 24 hours after 
inoculation. We are dealing, therefore, with 2 rhythmic factors, a tem- 
perature rhythm and a transfer rhythm. The importance of these 
rhythms is also seen in the 3 tests of text-figure 7. When each culture 
was exposed rhythmically to 45° C., survival and failure to survive was 
again dependent upon the interval of exposure in relation to the interval 
of transfer. 

In test No. 1 (text-fig. 7), each culture was incubated in series at 37° 
for the first 24 hours and at 45° C. for the second 24 hours; transfers were 
made at 2-day intervals. In test No. 2, each culture was incubated at 
37° for the first 2 days and at 45° C. for the second 2 days; transfers were 
made at 4-day intervals. In test No. 3, however, each culture was 
incubated 3 days at 37°, followed by 3 days at 45° C.; transfers were made 
at 6-day intervals. 

Under the conditions of test 3, all 5 series of cultures failed to grow 
on the third transfer, after only 2 exposure periods of 3 days each, a total 
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STUDIES IN SURVIVAL 
E. COLI- DISCONTINUOUS EXPOSURE OF EACH CULTURE TO 45° 
-5 ML. INOCULUM 
FIVE SERIES OF CULTURES IN EACH TEST 
TRANSFERS EVERY TWO DAYS 
DAYS 75|76 
TEMP. RHYTHM 37°|45° 
* | TRANS. RHYTHM I 2 3 4 38 
RESULT + + + + > + 
TRANSFERS EVERY FOUR DAYS 
DAYS 73|74|75|76 
TEMP. RHYTHM 37°|37%45°45° 
2. TRANS. RHYTHM 1 2 19 
TRANSFERS EVERY SIX DAYS 
DAYS 8] 9 sia] is 18 
3 TEMP. RHYTHM 45° 37°|37°| 379145°145°| 45° 145° 
| TRANS. RHYTHM 2 3 
RESULT + ° 
+ = GROWTH © = NO GROWTH 


TEXT-FIGURE 7. 


of 6 days. On the other hand, in tests Nos. 1 and 2, the culture series was 
exposed to 45° C. for a total of 38 days and survived. It is reasonable to 
assume, and this experiment suggests, that a strain can survive an un- 
favorable environment of a given intensity provided no single culture is 
exposed too long and the strain is maintained in continuous and active 
multiplication. 

In text-figure 8, three series of cultures of EZ. coli were transferred at 
1-day, 2-day, and 3-day intervals, respectively. Tests Nos. 1 and 2 were 
continued for 830 days. The organisms in test No. 3 died on the 269th 
transfer. 

The odd-numbered cultures (1, 3, 5 etc.) of test No. 1 were incubated for 
24 hours at the high temperature, and the even-numbered (2, 4, 6, etc.) 
at 37° C. 

A standard survival test on the 770th transfer of test No. 1 revealed no 
increase in survival value. 

In test No. 2, a standard survival test on the 385th transfer (770 days) 
revealed good adaptation surviving 14 days of continuous exposure at 
47° C., and suggesting that a 2-day transfer rhythm tends not only to 
survival but to adaptation. 

The increase in the amount of inoculum to 0.5 ml. employed after 
March 30, 1947, became necessary because all cultures were becoming 
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STUDIES IN SURVIVAL 
€.COLI- LOOP INOCULUM; LATER .5 ML* 
TESTS BEGAN SEPT. 10, 1945 


DISCONTINUOUS EXPOSURE TO 45°C. AND LATER TO 47°C. 
EACH TEST CARRIED IN DUPLICATE 


DAILY TRANSFERS 
DAYS 830] STANDARD SURVIVAL TEST 
TEMP. RHYTHM 1459379459379 47°] ON 770TH TRANS. REVEALED 
I. TRANS. RHYTHM] | | 2/3) 4 830) NO ADAPTATION 
RESULT >| + 
(2-DAY TRANSFERS 
DAYS 1]}213]4]s]e] 830] SURVIVAL TEST ON 385TH TRANS. 
TEMP. RHYTHM |45°|45°|37°|379145945° 47°] SURVIVED 14 TRANSFERS AT 47°C. 
2. TRANS. RHYTHM 1 2 3 415 GOOD ADAPTATION 
RESULT + + eS 
‘3-DAY TRANSFERS 
DAYS 807] SPECIES DIED ON 269TH 
TEMP. RHYTHM |45°|45°%45° 379379) 379 47°] TRANSFER. 
3. TRANS. RHYTHM 2 269 NO ADAPTATION 
RESULT + + 
+=GROWTH 0O#=NO GROWTH 


# NOTE: LOOP INOCULUM AND 45°C. EMPLOYED UNTIL MARCH 10, 1947, 
THEREAFTER .SML. INOCULUM AND 47°C. 


TEXT-FIGURE 8. 


weaker, as observed by an obvious decrease in the turbidity of each 
culture as compared to untreated control cultures. 

This is another example of how a species may be slowly destroyed even 
by a discontinuous exposure when the duration of exposure of each culture 
in the series covers a period of at least 3 days (text-fig. 8, test 3). 

Such tests have not as yet been carried out on other species of bacteria, 
but the above observations seemed sufficient to set forth our second and 
third tentative principles or working hypotheses: 

2. An actively multiplying bacterial strain can survive indefinitely when 
exposed discontinuously, or rhythmically, to an environment that is fatal 
when the exposure is continuous. 

3. The duration of the interval of exposure to, and of the freedom from, 
an unfavorable environment, and the relationship of these intervals to the 
interval of culture transfers in a continuously multiplying series, are impor- 
tant factors in the survival and adaptation of bacteria. 


THE IMPORTANCE OF AGE AND MATURITY OF A CULTURE IN 
SURVIVAL OR FAILURE TO SURVIVE 


In text-figure 9 it may be seen that a series of 11 cultures of E. coli: 


derived from one pure culture were incubated at 37° C. After 4 hours, 
culture No. 1 was removed and placed at 48°; after 8 hours, culture No. 
2 was treated in the same manner; and so on until the final culture (No. 
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11) was placed at 48° C. after 6 days of incubation. Transfers were made 
daily from each of the 11 cultures placed at 48° and incubated at 37° C. 
to test the presence of living organisms. 

Text-figures 10 and 11 represent tests similar to those shown in text- 
figure 9, with the exception that the mother cultures were first incubated 


STUDIES _IN SURVIVAL 
SURVIVAL TEST ON E. COLI. INACTIVE STAGE AT 48°C. 


TRANSFERS DAILY TO 37°C. FROM A SINGLE 
CULTURE RESTING AT 48°C. 
.1CC INOCULUM 
AGE OF 
+ = GROWTH 
GROWN AT © = NO GROWTH 
37° 
1 | 4 HOURS|+ +++ + % 0 
2} 8 HOURS|+++++ ++ + ++ + + 
3]|12 HOURS|+ + + + + + + + + + + 0 
HOURS|+ + + + + + + + ++% 0 
HOURS|+ + + + + + + +++ % 0 
6|36 HOURS| + + + + + O 
7} 2 DAYS © 
It CULTURES. WERE AGED AT 37°C. FOR 
8 | 3 DAYS + 0 DIFFERENT PERIODS, 4 HRS. TO 6 DAYS. 
EACH CULTURE THEN PLACED AT 48°C. 
9} 4 DAYS ie) TRANSFERS MADE EACH DAY FROM THE 
46°C. CULTURE USING .1CC INOCULUM 
10 5 DAYS ie) IN EACH OF THREE BROTH TUBES. 
ALL TRANSFERS INCUBATED AT 37°C. 
6 | OCTOBER 27, 1946 
1234 5 6 7 8 9 10 i t2 13 14 15 16 


OAYS 
TEXT-FIGURE 9. 


at 42° and room temperature (26°), respectively, rather than at 37° C. 
It will be noted that the pattern of survival was similar in all three experi- 
ments. The cultures incubated at room temperature (text-fig. 11) before 
placing in the 48° incubator survived for longer periods than those incu- 
bated first at 37° or 42° C. (text-figs. 9 and 10). These latter tempera- 
tures induced a more rapid multiplication than room temperature did, 
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STUDIES IN SURVIVAL. 
SURVIVAL TEST ON E. COLI. INACTIVE STAGE AT 48°C. 


TRANSFERS DAILY TO 37°C. FROM A SINGLE 
CULTURE RESTING AT 48°C. 


INOCULUM 
AGE OF 
+ = GROWTH 
= NO GROWTH 
42°C. 


1 4 HOURS |+ + + ++% O 
6 HOURS |+ + + + + + + + + O 


HOURS |+ + + + + + + + % 0 
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[24 HOURS it + + + + + + + OC 


6 | 36 HOURS + + + + O 
7 | 2 DAYS + 0 I) CULTURES WERE AGED AT 42°C. FOR 
DIFFERENT PERIODS, 4 HRS. TO 6 DAYS. 
8 3 DAYS ° EACH CULTURE THEN PLACED AT 48°C. 
TRANSFERS MADE EACH DAY FROM THE 
9 4 DAYS oO 48°C. CULTURES USING .1CC INOCULUM 
IN EACH OF THREE BROTH TUBES. 
10 5 DAYS fe) ALL TRANSFERS INCUBATED AT 37°C. 
i 6 DAYS re) OCTOBER 27, 1946 
DAYS 


TEXT-FIGURE 10. 


but according to these results, growth at room temperature (26°) is opti- 
mum for the survival of such cultures subsequently exposed to 48° C. 

In all 3 tests, however, cultures from 8 hours old to 48 hours old were 
capable of remaining viable longer than younger or older cultures when 
subjected to 48° C. Cultures 3 days old or older revealed the least degree 
of survival value in a 48° C. environment. It is interesting to note in 
this connection that Youmans (4), in a study of the bacteriostasis of 
E. coli by sulfonamides, defined young cells as “those cells late in the lag 
phase and during the logarithmic phase of growth” and old cells as “those 
present during the early lag phase and at the end of the growth cycle.” 
In her studies with synthetic media, “growth had stopped for the most 
part at around the sixth hour, so that the organisms used were, therefore, 
in a resting stage and were considered old cells.” Sherman and Albus (4) 
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STUDIES IN SURVIVAL 
SURVIVAL TEST ON E. COLI. INACTIVE STAGE AT 48°C. 


TRANSFERS DAILY TO 37°C. FROM A SINGLE 
CULTURE RESTING AT 48°C. 
INOCULUM 
AGE OF 
+ = GROWTH 
—— © = NO GROWTH 
GROWN AT 
ROOM TEMP 
1 4 HOURS |+ + + + 0 
2 8 HOURS ++ te tet oO 
3 | 12 HOURS ++ tet t+ + + + 
4 | 18 HOURS +++ hoo 
§|24 HOURS |+ + + ++ ++ +++ + +440 
6/36 HOURS |+ + + ++ +++ + + + 0 
7] 2 ++ tte tO 
8 | 3 DAYS CULTURES WERE AGED AT 
ROOM TEMP FOR DIFFERENT 
9} 4 DAYS +++ ?¢% © PERIODS, 4 HRS. TO 6 DAYS. EACH 
CULTURE THEN PLACED AT 46°C. 
10 5 DAYS + + + 0 TRANSFERS MADE EACH DAY FROM 
THE 48°C. CULTURE USING .ICC 
INOCULUM. ALL TRANSFERS IN- 
6 DAYS + CUBATED AT 37°C. 
OCTOBER 27, 1946 
23 45 67 8 9 10 I 12 13 14 15 16 
DAYS 


TEXT-FIGURE 11. 


employing Bacterium coli and Proteus vulgaris have shown that physio- 
logical differences exist between young cells (3%- to 4-hour-old cultures) 
and mature cells (21 hours old or older). 

In our studies, rich nutrient broth was used as culture medium, and in 
the light of our results we would consider organisms in the early logarithmic 
phase as young; those between the end of the growth cycle and until the 
end of the first 48 hours, as adult; and those in cultures 3 days old or more, 
as old cells. 

The results of these three tests suggested our fourth tentative principle: 

4. The ability of a bacterial culture to survive an unfavorable environment 
is a function of its age and maturity. 
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DISCUSSION 


Numerous studies have been made and considerable information ob- 
tained regarding the effect of various environments upon bacteria. When 
organisms have been exposed to specific substances, such as drugs and 
antibiotics, throughout many generations or cell divisions, some degree of 
adaptation to the specific chemical has usually resulted. 

Hinschelwood (6) states that the adaptation of bacteria to drugs is 
rapid and easy, but that adaptation to heat is “extremely slow and difficult 
if not impossible.” 

Magoon (7) showed that, contrary to the commonly accepted idea that 
bacterial spores once formed have a fixed resistance, they have in reality 
a resistance which varies with age and with the conditions under which 
the spores exist. He was able to demonstrate that bacterial spores of 
B. mycoides derived from heat-resistant survivors in thermal death time 
tests possessed higher resistance to heat than the original spores and by 
a process of selection, a strain of bacteria was obtained the spores of which 
attained a resistance to heat at least 25 times that of the original spores. 
Magoon was interested in determining the heat necessary to destroy 
spore-bearing organisms in canned goods. 

Armstrong (8) attempted to develop a vaccine virus that would keep 
at room or body temperatures. He exposed the virus to incubator tem- 
perature (37.5°) and by continued selection and propagation of the virus 
in the rabbit was able to develop a strain which showed an “increase of 
several hundred percent in the period of time during which it will with- 
stand a temperature of 37.5° C. and still give typical skin takes on rabbits.” 
A notable increase in the virulence of the virus for animals was also noted, 
and this feature deterred him from employing the strain in man. 

Neither Magoon nor Armstrong mentioned the principle of rhythmic 
exposure to an unfavorable environment as a possible factor in the adap- 
tation of a species, although their technique involved this principle. 

Huntington (9) was the first investigator of whom we are aware who 
presented data and observations emphasizing the importance of an alter- 
nating environment. Huntington’s thesis was that the highest human 
civilizations have arisen only in areas where there was an alternating 
climate. Continuously hot or continuously cold climates are enervating. 
A changeable climate is stimulating. 

The fundamental principle revealed in our studies apparently involves 
a rhythmic injury-repair cycle extending over a long period of active 
multiplication of the species. The genetic and environmental factors that 
determine the survival or the failure to survive of bacteria when propa- 
gated in serial cultures are obvioulsy multiple and complex. In our tests 
we have recognized the following conditions: (1) Amount of the inoculum, 
(2) available food supply, (3) intensity of the unfavorable environment 
(temperature range in our test was 45° to 50°), (4) continuous exposure to 
the unfavorable environment, (5) discontinuous, or rhythmic, exposure, 
(6) duration of the interval of exposure (temperature rhythm), (7) dura- 
tion of the period of rest or freedom from the unfavorable environment 
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(rest rhythm), (8) interval of transfer of the serial cultures (transfer 
rhythm), and (9) age and maturity of the culture in relation to the interval 
of transfer, to the interval of exposure, and to the interval of rest. 


Of course, there are other factors, such as the hydrogen-ion concentra- 
tion, oxygen tension, and innumerable interrelationships between all 
factors, which play a definite part in determining the survival or failure to 
survive of bacteria. In these experiments we have kept these other 
factors and relationships as constant as possible. 

The importance of the interval of exposure and the duration of the in- 
jury-repair cycle to the survival and adaptation of human tissues was 
observed by Dr. W. Edward Chamberlain of Temple University, when 
the skin of patients was exposed to X-rays. He says, in a personal com- 
munication: 

When a total dose of 3300 r is given to a circular area of skin 20 cm in diameter 
(large port) in a single exposure, irreparable damage results in the form of a large 
ulcer which never heals completely but slowly decreases in size. About 50% of such 
cases will develop cancer at the site of the ulcer 15 to 20 years later. When the same 
total dose (3300 r) is divided into 11 equal daily fractions of 300 r each, an epitheliitis 
develops which heals completely and promptly and leaves no permanent damage so 
far as can be determined by ordinary inspection. However, when the skin is exposed 
to the same total dose, 3300 r, in 11 equal fractions at an interval of 3 weeks between 
the said fractions so that the total lapse of time between the first 300 r fraction and 
the 11th 300 r fraction is approximately 30 weeks,-a peculiar and different type of 
skin reaction results. The first changes are apt to be long-delayed. The skin becomes 
greatly thickened and is markedly avascular. The increase of thickness may be pro- 
found, a matter of 2cm or more. Late ulcers occur in the center of the treated area 
and the incidence of cancer, developing many years later, is very high indeed. A 
prominent feature of these reactions is the slow progression which may continue for 
many years. Some cases have more trouble in the 10th year than in the 5th year after 


the exposure. 

It would seem obvious, and our studies have experimentally demon- 
strated, that the interval of exposure and the age and maturity of bacterial 
cultures are important influences upon cellular survival and adaptation. 
As far as we are aware, however, they have not been taken fully into 
consideration in previous efforts to adapt a bacterial species to a given 
environment. For example, Casman and Rettger (10) attempted to 
acclimatize certain well-known members of the subtilis group to high 
temperatures. Cultures were transferred daily in broth and on slanted 
agar for about 1 year and incubated at the maximum growth temperature 
for each organism. The eight species tested revealed “practically no 
ability to adapt themselves to temperatures of growth above their already 
established maximum. . . Cultures frequently died during the treatment.” 
The exposure to heat was continuous throughout, and no mention was 
made of a discontinuous exposure. 

This experiment of Casman and Rettger on organisms of the subtilis 
group accords with our results on £. coli in which continuous exposure 
for 539 consecutive daily transfers at 45° C. revealed no increase in adapta- 
tion to heat (text-fig. 4). Our tests show in addition that the species is 
slowly weakened when the interval of transfer is lengthened and that 
adaptation to heat resulted under the conditions of a 2-day transfer rhythm 
combined with a 2-day exposure (45° C.) rhythm (text-fig. 8, test 2). 
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The survival of either a single cell, a collection of cells (colonies or 
cultures), or the bacterial species as a whole is, of course, determined by 
heredity and environment. Contrariwise, the death or the failure to 
survive of these living units is similarly determined. There is no third 
influence. Yet certain investigators speak of spontaneous mutations 
among bacteria. For example, Braun says, “It has remained for the 
valuable experimental work on mutations in bacteria by Luria and Del- 
bruck, Demerec, Ryan, and others to supply the necessary direct evidence 
that bacterial mutations are really completely undirected and independent 
of the environment” (11). The author should have said, “independent of 
the environment of the culture studied at the time,” for, of course, such 
cultures cannot be completely undirected and independent of environ- 
ments that affected previous generations. Luria also says, “In all 
thoroughly analyzed cases, we see that bacterial variation including 
apparently hereditary adaptation is the result of sudden spontaneous 
mutations.” And again, “Induction of bacterial variants by a variety { 
of environmental agents—chemicals, antisera, high temperatures—has : 
often been claimed . . . We shall see later that most of these cases may . 
find a better explanation by the assumption of differential selection of 
spontaneous mutants’’(/2). It would be more accurate, we think, and 
less misleading to say “the differential selection of unpredictable muta- 
tions,” since no event in nature can be truly spontaneous. The term 
serves merely to cover our ignorance of the genetic factors which deter- 
mine, along with the environmental factors, the form, the structure, the i 
function and the behavior of these organisms and, indeed, of all living 


things. Seeming spontaneity is only inevitable response. In fact, our j 
experiments have revealed certain environmental factors which may 
now be used as an approach to the systematic study of the effect of various ; 


environments upon the genetic constitution of bacteria. As far as we are i 
aware these combined techniques have not heretofore been employed nor 
their importance emphasized. 


SUMMARY 


Experimental observations on a single-cell species (Escherichia coli) 
have led to the postulation of four tentative principles on the environ- ; 
mental factors affecting the survival and adaptation of species. These f 
principles are: 

(1) The continuous exposure of actively multiplying, free-living, 
unicellular organisms to an unfavorable environment of a given intensity 
may not be fatal to individual organisms or cultures for a number of 
generations, but in time the strain will die. 

(2) Actively-multiplying bacteria can survive indefinitely when exposed 
discontinuously, or rhythmically, to an environment that is fatal when 
exposure is continuous. 

(3) The duration of the interval of exposure to, and of freedom from, 
an unfavorable environment, and the relationship of these intervals to the 
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interval of culture transfers in a continuously multiplying series, are 
important factors in the survival and adaptation of bacteria. 

(4) The ability of a bacterial culture to survive an unfavorable environ- 
ment is a function of its age and maturity. 

The possible importance of such principles in approaching the problem 
of survival, adaptation, and permanently altered forms is discussed. 
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Figure 1.—Waterbath installations employed in survival tests. 


j 
; 
7 


A 
ay: 
— 


j 


DIFFERENTIAL GROWTH OF MALIGNANT 
AND NONMALIGNANT TISSUES IN RATS 
BEARING HEPATOMA 31. INFLUENCE OF 
DIETARY PROTEIN, RIBOFLAVIN, AND 
BIOTIN 


By Vogectiin and J. W. THompson, University of 
Rochester School of Medicine and Dentistry, Rochester, and 
National Cancer Institute, National Institutes of Health, 
Public Health Service, Bethesda, Md. 


INTRODUCTION 


Cancer is generally considered as an abnormality in tissue growth; hence, 
the search for biochemical factors which control the growth of established 
neoplasms and of nonmalignant tissues in the same host organism is of 
fundamental importance. In recent years one part of this problem has 
been approached by studies on the influence of dietary factors on the 
growth of tumors. It has been shown that the growth rate of certain 
tumors can be decreased by dietary deficiencies in lysine, sulfur-containing 
amino-acids, or calories. 

The work described in this paper was undertaken for the purpose of 
studying the influence of wide variations in the dietary protein level on 
the growth rate of hepatoma 31 in young rats. As far as we are aware, 
the only other work of a somewhat similar nature is by F. R. White (1) 
who reported in 1945 that transplants of mammary adenocarcinomas will 
grow in mice fed a diet negligible in protein content and with the animals in 
continuous negative nitrogen balance. The tumor-growth rate on this diet 
was about 75 percent of the rate in mice fed a diet of 18 percent casein, 
the vitamin requirement in both groups being supplied by a supplement of 
liver extract and vitamin B1. 


MATERIALS AND METHODS 


Hepatoma 31 originated at the National Cancer Institute in May 1940 
in an Osborne-Mendel rat fed a diet containing 0.06 percent p-dimethyl- 
aminoazobenzene and was successfully transplanted into other rats of the 
same breed. The pathology of this tumor was described by White, Dalton, 
and Edwards (2) after 16 successive series of subcutaneous transplantations 

1 Received for publication April 14, 1949. 


3 The experimental work was performed from 1941 to July 1943 at the National Cancer Institute. The data were 
analyzed at the University of Rochester in 1949 while the senior author was on the faculty of the latter institution. 
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of the tumor by the trocar method. The tumor transplants did grow in 
about 80 percent of the animals inoculated, reaching an average diameter 
of 2 cm. in 30 days. Rats being fed the Purina stock diet were used for 
breeding. No mention is made of any regression of tumors. 

The work described in the present report included tumor-bearing rats 
of transplant generation 17 to 32, all derived from the Osborne-Mendel 
rat colony of the National Cancer Institute. Since these rats were not 
closely enough inbred to be considered a genetically pure strain, occasional 
failure of successful transplantation may be accounted for in part by this 
fact. Young rats fed on the stock diet were inoculated subcutaneously 
into the flank under aseptic conditions with fresh tumor material by the 
trocar method. All tumor tissue was carefully selected and tested for 
bacterial contamination, only sterile tissue being used. Some of the rats 
received transplants into both flanks, but most of the animals received 
only one inoculum. After the tumor transplants were established, as 
indicated by a measurable progressively growing tumor, the animals were 
placed on the experimental diets. Total body weight was determined 
twice weekly. At the same periods the tumors were carefully measured 
by calipers, using the greatest and smallest diameter in millimeters and 
expressing the size of tumors by the product of these 2 diameters. This 
method involves a considerable error; in fact, it is very difficult to measure 
accurately the size of tumors in the living animal by any method, as shown 
by Schreck (3). However, it is surprising how smooth the growth curves 
turn out by the use of our method. It is, therefore, permissible to appraise 
marked changes in the slope of the curve of individual tumors as resulting 
from changes in experimental conditions. In order to convert the tumor 
size into approximate tumor weight, 35 tumors varying in size from 200 
to 2,000 in the living animal were dissected out and weighed. If the size 
of the tumors were plotted as ordinates and the weights as abscissa, a 
smooth curve was obtained, which permits one to roughly convert any 
tumor size within this range into the corresponding weight. Four of 
these values within the range mentioned are: size 400=4 gm. ; size 1,000= 13 
gm.; size 1,500=25 gm.; size 2,000=40 gm. 

Tumors which ulcerated at any time during an experiment were elimi- 
nated from consideration for obvious reasons. 

The percentage composition of the semisynthetic diets are given in the 
following example: 


Casein commercial (Casein Corporation of America) -----.-____-- 18 
15 
Hydrogenated cotton-seed oil (Crisco)_......_....---------------- 24 
Salts (Hubbel, Mendel, and Wakeman (4))_-----_------__------ 4 


In order to vary the casein in other diets, a portion of the starch was re- 
placed by the same weight of casein or vice versa. These diets were made 
up at frequent intervals and were kept in the refrigerator until used. 
The rats received, in a separate dish, a daily supplement of dried brewer’s 
yeast which was from one large batch manufactured by Harris. Dr. 
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Kahler of the Institute kindly estimated the riboflavin content of the 
casein and yeast by his fluorometric method (5). He found 9.14 micro- 
grams per gram casein and 41.1 micrograms per gram yeast. Some of the 
experimental animals refused to eat the yeast supplement completely, and 
they were eliminated from consideration. The daily food intake of the 
basal diet was measured in every experiment and was averaged for the dif- 
ferent periods. The animals were housed individually in cages with 
wire screened bottoms. 

In order to ascertain the adequacy of the yeast supplement as a source 
of B vitamins for normal growth, four groups of six young normal rats each 
were placed on a diet containing 18 percent casein and 400 mg. yeast per 
day. After 24 days on this diet, three of the four groups received only 
300, 200, or 100 mg. yeast per day, respectively. The results are plotted 
on text-figure 1. : 


400 MGM. YEAST 
200 MGM. ry 
YEAST 
100 MGM. al 
° YEAST—>A 
= ‘® 300 MGM. YEAST 
= 100 
1 
50 100 
DAYS 
©5300 
“=| YEAST 96 99 3 


Text-FIGuURE 1.—Growth rate of four groups of normal rats, of six each, on a diet con- 
taining 18 percent casein and different amounts of daily supplements of yeast. 
Note the decrease in growth rate as the yeast supplement is decreased. 
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Similarly, the effect on the growth of normal rats of variation in the 
dietary casein level was established, all rats receiving a daily supplement 
of 400 mg. yeast (text-fig. 2). 
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TEext-FIGURE 2.—Variation in growth rate of normal rats on diets varying in casein 
content between 3 and 36 percent with a daily yeast supplement of 400 mg. The 
casein content of the diet is indicated by the figures on the curves. 


It soon became evident that there were great individual differences in 
the growth rate of tumors on any given diet. In fact, the growth rate of 
two tumors in the same animal often differed very much indeed. We 
have previously observed similar differences in the growth rates of multiple 
spontaneous mammary adenocarcinomas in mice. For this reason, each 
tumor-bearing rat was used as its own control, the rat being first placed 
on one dietary regimen followed by any desired variation. 


RESULTS 


We were astonished to find that many tumors which previously had 
grown progressively when the rat was fed the stock (Purina) diet began to 
regress some time after the animal received the experimental diet. This 
information is summarized in table 1, which indicates that the percentage 
regression of tumors varied among groups of rats maintained under 
conditions apparently the same. The principal aim of this research, 
therefore, was to discover the reason for the regression of tumors. Other 
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investigators working with hepatoma 31 have not reported 


tumors under their experimental conditions. 


TABLE 1.—Percentage regression of hepatomas 


33 


regressing 


Diet 
Rats Regressions | Regressions 
Casein Yeast per day 
Percent Milligrams Number Number Percent 


Text-figure 1 demonstrates that young normal rats grow well on an 18 
percent casein diet, supplemented by 400 mg. dried yeast per day. The 
growth rate over a much longer period than is shown in the figure is 
slightly less than that of rats maintained on the stock diet (Purina dog 
chow), but the animals appear to be in excellent health. The figure also 
indicates that the reduction in the daily yeast supplement to 300, 200, and 
100 mg. respectively, decreases the growth rate and also the daily food 


intake. 


given only at the end of 110 days. 

Text-figure 2 shows the influence on the average growth rate of normal 
rats of variations of the dietary casein level between 3 and 36 percent, all 
animals receiving a daily yeast supplement of 400 mg. The greatest rate 


is obtained with slightly more than 18 percent casein. 


The average weights of the rats on 200 and 100 mg. yeast are 


Text-figure 3 illustrates an experiment of a rat bearing a small hepatoma 


of transplant generation 17. 


During the first period of 25 days, the diet 


contained 18 percent casein. The tumor grew progressively, gaining 
The weight of the nonmalignant tissues 
increased by about 57 gm., or 2.3 gm. per day. During the next period 


approximately 4 gm. in weight. 


of 30 days, the casein was reduced to 6 percent. 


The tumor increased ia 


weight by about 12 gm., and the nonmalignant tissues lost approximately 
26 gm., or 0.8 gm. per day. The casein was then again increased to 36 
percent for 14 days, with the tumor gaining 11 gm. and the nonmalignant 
tissues 39 gm., or on an average 2.8 gm. per day. 
experiment, the daily food intake (not given on figure) decreased gradually 
from 11 gm. at the beginning to 9 gm. at the end. 
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TEXT-FIGURE 3.—Influence of variation in dietary casein level on total body weight 
change and failure to influence rate of rapidly growing hepatoma. A daily yeast 
supplement of 400 mg. was eaten throughout the experiment. 


Similar results were obtained in 10 other experiments. Ten young rats 
with progressively growing tumors were placed on a diet of 4 percent 
casein and a yeast supplement of 400 mg. yeast per day. The tumors 
continued to grow at a moderate rate for 60 days, during which time the 
total body weight decreased an average of 21 gm. For comparison, text- 
figure 2 shows that normal young rats on this diet gained slightly in weight 
for the same length of time. The loss of total body weight of the tumor- 
bearing rats on a low protein diet must, therefore, be attributed to the 
presence of the tumor, suggesting that the tumor for its growth require- 
ments draws to some extent upon the proteins of the nonmalignant tissues. 

Text-figure 4 shows the results of an experiment with a rat fed on 6 
percent casein plus 400 mg. yeast daily. For the first 21 days the small 
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tumor remained almost quiescent, and the total body weight decreased 
slightly. Increasing the casein to 36 percent caused a prompt and pro- 
gressive increase in total body weight for the subsequent 31 days. The 
average daily increase in weight of the nonmalignant tissues was 3.6 gm. 
per day. The striking effect of the high protein diet in promoting the 
growth of the nonmalignant tissues and the slight effect on tumor growth 
is in accord with the previous experiments. During the following period 
of 42 days, the rat received 200 micrograms riboflavin with the daily yeast 
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TEXT-FIGURE 4.—Great stimulation of total body growth resulting from a change of a 
6 percent dietary casein level to one of 36 percent, with only insignificant increase 
in growth of hepatoma. Daily supplement of additional 200 micrograms riboflavin 
promptly increased rate of tumor growth. 
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supplement. Within 6 days after this change the tumor began to increase 
in size and had gained about 22 gm. at the end of the period. The total 
body weight during the same time showed only an insignificant increase, 
which may be partly accounted for by the decrease in food intake. The 
total daily riboflavin intake during$the last period (243 micrograms) is 
almost nine times that of the preceding period of slow tumor growth. 
The stimulation of tumor growth by extra riboflavin in this experiment 
cannot be accounted for by an increase in food intake. 
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TEXT-FIGURE 5.—Variation of dietary casein from 36 to 3 percent with a constant 
daily yeast consumption of 400 mg. Note particularly the striking stimulating 
effect of the additional daily riboflavin of 200 micrograms on tumors, one of which 
apparently had completely regressed. 
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Text-figure 5 illustrates an even more striking experiment. The rat 
carried a hepatoma in each flank, both small to start with. Tumor 2 
remained quiescent, whereas tumor 1 regressed to such an extent that it 
could not be palpated for over a month. The rat consumed a daily yeast 
supplement of 400 mg. during the whole experiment. The change in 
dietary protein level from 36 to 3 and again 36 percent yielded results 
similar to those given in text-figure 4. It is surprising, however, that the 
extra daily intake of 200 micrograms riboflavin, after a latent period of 
about 12 days, even stimulated tumor 1 which, to all appearances had 
completely regressed. The gains during 67 days were for tumor 1 about 
12 gm. and for tumor 2 about 29 gm. It is difficult to attribute these 
gains in tumor weight to the increased food intake, following the adminis- 
tration of the riboflavin supplement. During the 67 days following the 
initiation of riboflavin treatment, the nonmalignant tissues gained 66 gm., 
or about 1 gm. daily. 

Text-figure 6 summarizes the results obtained with a rat fed 18 percent 
casein but with a reduction in the daily yeast supplement from 400 to 


250 1500 
> 
= TOTAL 
© 200 BODY WEIGHT. 
/ 
= z 
{/ 
150 = 500 
ge 
“a 0 
50 100 
DAYS 
FOOD 
cm/pay_ | “8 67 79 
RIBOFLAVIN 
GM./DAY 215 17 


Text-FicuRE 6.—Stimulation of tumor growth after a latent period of 17 days follow- 
ing the administration of 200 micrograms riboflavin daily. The rat received a diet 
of 18 percent casein and a reduced (100 mg.) daily yeast supplement throughout the 
experimental period. 
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100 mg. The small hepatoma first increased slightly in size, but began 
to regress beginning with the tenth day. Starting with the twenty-first 
day, a daily supplement of 200 micrograms riboflavin was added to the 
yeast. The tumor remained stationary for 17 days and thereafter grew 
progressively for some time after the riboflavin supplement was omitted, 
gaining about 14 gm. in weight. As was to be expected from the results 
of the reduction in growth rate of normal young rats from a decrease of 
daily yeast supplement from 400 mg. to 100 mg. (text-fig. 1), the non- 
malignant tissues in this experiment gained only moderately, i. e., about 
28 gm. during the experiment of 80 days instead of 60 gm. for normal 
young controls. It should also be noted that the stimulation of tumor 
growth by riboflavin cannot be accounted for by an increased food intake 
during the period of riboflavin treatment. 

Text-figure 7 shows the results of a similar experiment as the one illus- 
trated by text-figure 6. However, the daily yeast supplement of 100 mg. 
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Text-FicurE 7.—Rapid stimulation of tumor growth resulting from increasing the 
daily yeast supplement from 100 to 400 mg. and supplying 200 micrograms extra 
riboflavin per day. Compare this with the slower response of the tumor in case 
the extra riboflavin is given without increasing the yeast (text-fig. 6). 
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given for the first period of 31 days was increased thereafter to 400 mg. 
simultaneously with the daily addition of 200 micrograms riboflavin. This 
combination promptly stimulated the growth of the hepatoma, suggesting 
that the smaller amount of yeast (100 mg.) was one of the limiting factors 
for the growth of this tumor as it is for the normal young rat (text-fig. 1). 
The tumor on this supplement of 400 mg. yeast plus 200 micrograms 
riboflavin gained about 24 gm. in 35 days. This effect again cannot be 
attributed to a concurrent increased food intake. 

A particularly striking experiment with riboflavin is given in the follow- 
ing protocol. Rat No. 9 of transplant generation 24 was put on a diet 
containing 18 percent casein with 400 mg. yeast daily. During the first 
24 days, the size of the tumor decreased from 90 to almost 0. During the 
following 28 days, a daily supplement of 200 micrograms riboflavin was 
given. The tumor size remained near 0 during this period. For the next 
28 days the rat received a daily supplement of 400 micrograms riboflavin. 
The tumor gradually increased in size to 150 during a period of 18 days and 
then remained stationary for 10 days. During the following 18 days the 
daily riboflavin supplement was increased to 3,200 micrograms, and the 
tumor remained quiescent for 7 days when it suddenly started to grow and 
reached size 3,400 in 100 days. This experiment shows that the tumor for 
the first 98 days remained relatively small in spite of what might be con- 
sidered large doses of riboflavin. The total body weight, however, in- 
creased by 218 gm. or about the same as in a normal control rat on the same 
diet. This indicates that this particular tumor required for its progressive 
growth a very large amount (3,200 micrograms/day) of riboflavin. Smaller 
doses of 200 and 400 micrograms per day had only a slight, if any, influence 
on the tumor-growth rate. This observation should be emphasized in 
connection with experiments yielding negative results with the lower 
doses of riboflavin. 

The stimulating influence of different levels of dietary riboflavin on 
tumor growth is also shown in 16 additional experiments summarized 
in table 2. The average daily food intake was measured in each experi- 
ment but is not given in the table. However, it was found, as a rule, 
that the food intake during the periods of the riboflavin-supplemented 
diet was less than during the preceding periods. The observed stimulation 
of tumor growth, therefore, could not be attributed to an increased 
intake of calories or proteins. 

The results presented so far clearly indicate the growth-promoting 
effect of riboflavin on the hepatoma in the experiments and under the 
conditions described. In many other experiments (table 3) with initially 
small regressing hepatomas, the riboflavin supplement failed to stimulate 
tumor growth. In some of these instances this may have been due to an 
inadequate amount of riboflavin, examples of which are shown in table 2. 
However, the failure of tumor stimulation also could be accounted for 
by a relative dietary deficiency in other vitamins of the B complex. 


fi 
ve 
: 
‘ 
re 
4 


40 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


TABLE 2.—Effect of riboflavin on growth of hepatoma 31 ! 


| Ribo- 
Diet Growtn of 7 before ribo- = Effect of riboflavin on tumor 
| grams/ 
| day 
6 percent casein, 0.4 per- Stationary 10 days___-| 200 | Growing rapidly after 
cent cystine +400 mg. | third dose. 
yeast. 
Ba adteusdnasnones Growing slowly 21 days | 200 | Growing rapidly after 
tenth dose. 
200 | Growing rapidly after 
second dose. 
i cawamnacscwnaed Growing slowly 31 days | 200 | Growing rapidly after 
fourth dose. 
200 | Growing rapidly after 
seventh dose. 
18 percent casein +400 | Stationary 21 days___-} 200 | Growing rapidly after 
mg. yeast. eighth dose. 
Regressing 21 days__--| 200 | Growing rapidly after 
fourteenth dose. 
Stationary 24 days___-| 200 | Growing rapidly after 
fourth dose. 
eee Regressing 28 days__--| 200 | Stationary for 18 days. 
400 | Growing rapidly after 
fifth 
Regressing 22 days___-| 200 | Stationary for 10 days. 
400 | Growing rapidly after 
third dose. 
a Regressing 7 days-- --- 800 | Stationary for 10 days. 
3200 | Growing rapidly after 
third dose. 
Stationary 17 days___-| 400 Do. 
36 percent casein +400 | Growing slowly 25 days_|______ 
mg. yeast. 
36 percent casein +100 | Growing slowly 21 days_|_____- 
mg. yeast. 
36 percent casein +400 | Growingslowly 17 days_| 200 | Growing rapidly after 
mg. yeast. second dose. 
18 percent casein +100 Regressing 31 
mg. yeast. 
18 percent casein +400 |..................--.- 200 | Growing rapidly after 
mg. yeast. fourth dose. 
18 percent casein +200 | Regressing 35 days Ds ccactacd 
mg. veast. 
eee 200 | Growing rapidly after 
mg. yeast. third dose. 


! The daily food consumption during period of administration of riboflavin supplement, as a rule, was less than 


the food consumption during the preceding period. The stimulation of tumor growth, therefore, could not be 
attributed to an increased caloric intake. 


TaBLe 3.—Stimulation and failure of stimulation by riboflavin of regressing hepatomas 


Daily riboflavin oe Stimulation Failure of stimulation 
Micrograms Number Number | “Percent Number Percent 
17 3 17 14 83 
9 1 11 8 89 
14 3 21 11 79 


| | | | 
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Text-FiauRE 8.—Rapid stimulation of the growth of two slowly growing hepatomas 
following the daily addition of 4 micrograms biotin to a diet of 6 percent casein and 
400 mg. yeast. 


Text-figure 8 illustrates an experiment in which two small, slowly grow- 
ing hepatomas in a rat fed 6 percent casein and 400 mg. yeast per day were 
promptly stimulated by 4 micrograms crystalline biotin added to the 
daily yeast supplement. The daily food intake showed a 10 percent 
decrease following biotin treatment, and the increase in total body weight 
of 15 gm. was less than the increase in the combined weights of 21 gm. 
of the two tumors. 

Text-figure 9 shows the results of an experiment in which a moderately 
sized hepatoma regressed rapidly in a rat on a diet of 18 percent casein 
and 400 mg. yeast per day. From the fourteenth day, 10 micrograms 
biotin were added to the yeast each day, and the tumor remained prac- 
tically stationary for 14 days, when the added biotin was increased to 20 
micrograms per day. Soon after this change, the tumor began to grow 
progressively. The daily food intake decreased slowly from 10 gm. at 
the beginning to about 9 gm. at the end of the experiment. The increase 
in weight of the nonmalignant tissues during the entire experimental 
period of adequate protein level was roughly 88 gm., which is again 
consistent with similar results on the same basal diet in previous experi- 
ments. 

Additional results of stimulation of tumor growth by biotin were ob- 
tained in seven other experiments summarized in table 4. 
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TEXtT-FIGURE 9.—Arrest of regression of tumor following the administration of 10 
micrograms biotin daily and stimulation of tumor growth by increasing the biotin 
The total body weight increased rapidly during the 


to 20 micrograms per day. 
period of tumor regression. 


TABLE 4.—Effect of biotin on growth of hepatoma 31 


Biotin 
Diet Growth of tumor before | micro | Effect of biotin on tumor 
day 
18 percent casein +400 mg. | Regressing 18days_-| 10/7 oe after sev- 
yeast. enth dos 
10/35 Stimulation after eighth 
ose 
10/7 | Stimulation after sec- 
ond dose. 
slowly 21 | 10/23 Do. 
days. 
18 percent casein +400 mg. | Regressing 17 days_-|__-___- 
yeast. 
18 percent casein +400 mg. | Regressing 19days_-| 10/13 | Stimulation after ninth 
yeast, +400 dose. 
riboflavin. 
18 percent casein +200 mg. | Growing slowly 28 4/21 | Stimulation after sec- 
yeast. days. ond dose. 
18 percent casein +100 mg. | Regressing 14days_.| 4/12 | Stimulation after 
yeast. twelfth dose. 


| 

| | 
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In six other experiments with hepatoma which had almost completely 
regressed, biotin treatment failed to stimulate the growth of the tumor, 
a fact which may be accounted for by the deficiency of another limiting 
dietary factor, probably riboflavin or the absence of viable tumor cells. 

As a control, the effect of a daily supplement of 4 micrograms biotin to 
a diet containing 18 percent casein and 100 and 200 mg., respectively, of 
yeast per day was studied on the growth rate of normal young rats. The 
results indicated that biotin used under these conditions was not the limit- 
ing factor for normal growth but apparently was a limiting factor for 
tumor growth. 

Text-figure 10 illustrates the failure of a daily supplement of 200 micro- 
grams riboflavin to stimulate tumor growth in a rat on a diet of 6 percent 
casein and 400 mg. yeast per day; in fact the tumor began to regress 
rapidly on this regimen. After 17 days of riboflavin treatment, ribo- 
flavin was discontinued, and a daily supplement of 4 micrograms biotin 
was furnished for 7 days (not indicated on figure). During this time, the 
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TExtT-FIGURE 10.—Failure of daily supplement of 200 micrograms riboflavin to prevent 

partial regression of hepatoma in a rat on a diet of 6-percent casein and 400 mg. 
yeast. Note the striking stimulation of tumor growth following the addition of 4 
micrograms biotin to the daily supplement of 200 micrograms riboflavin. 
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tumor regressed rapidly. It was, therefore, decided to test the effect of a 
combined supplement of 200 mg. riboflavin plus 4 micrograms biotin. 
The effect was very striking. Here, again, the period of stimulation of 
tumor growth was not accompanied by an increased food intake. This 
experiment suggests that this particular hepatoma required for its pro- 
gressive growth a combination of riboflavin and biotin supplements. 

Text-figure 11 represents an experiment similar to that illustrated by 
text-figure 10 with the difference that the rat was maintained on a higher 
(18 percent) dietary protein level. As a result, the total body weight 
increased very rapidly before and after the administration of the riboflavin 
and biotin supplements. At the end of the experiment (88th day) the 
total body weight was 310 gm. (not shown on figure). Subtracting 25 
gm. for the approximate weight of the tumor at that time leaves 285 gm. 
and deducting 125 gm. of the initial body weight leaves a gain in the weight 
of nonmalignant tissues of 160 gm. Here again there was no significant 
change in food intake during the experiment, i. e., 12 gm./day at the 
beginning and decreasing slowly to 10 gm./day. 

It should be stressed that rats bearing very large tumors in proportion 
to their total body weight were not studied. All of our tumor animals 
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TEXtT-FIGURE 1 1.—Illustrates the rapid growth of the nonmalignant tissues as compared 
with the regressing tumor of a rat on a basal diet of 18 percent casein and 400 mg. 
yeast. Inadequacy of a supplement of 400 micrograms riboflavin per day to stimu- 
late tumor growth until the rat receives in addition 10 micrograms biotin daily. 
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apparently were still in a fairly good general condition, as judged by their 
appearance and level of food intake. 


DISCUSSION 


We are not aware of any previous work in which young growing animals 
have been used for the study of the growth differential of malignant and 
nonmalignant tissues in the same host organism. The results here reported 
indicate the value of this procedure. 

Tests of the adequacy of our experimental diets for the growth of young 
normal rats showed that a basal diet- containing somewhat more than 18 
percent protein as casein and a daily supplement of 400 mg. dried brewer’s 
yeast supported excellent growth for a long time. A decrease in the yeast 
to 300, 200, and 100 mg., respectively, resulted in a decreasing growth 
rate. When, on the other hand, young rats bearing a growing hepatoma 31 
were changed from the Purina diet to a diet adequate in protein (18 or 36 
percent) and a yeast supplement (400 mg. daily) the nonmalignant tissues 
continued to gain in weight, but there were great differences in the response 
of different tumors. Some of the tumors may grow at a fairly rapid rate 
while others will grow for a short time and then regress completely (table 
1). This is a most unusual observation, as none of the workers at the 
National Cancer Institute (White, Dalton, and Edwards (2)) or else- 
where have described regressions of hepatoma 31 on any dietary regimen. 
The arbitrary selection of our diet, therefore, was a fortunate circumstance 
as it led to a search for an explanation of this tumor-regression. An 
inadequate blood supply of the tumor is not a likely cause, since the 
tumors did grow while the rats were fed on the stock diet before they were 
placed on the experimental diets; nor is it probable that the rats developed 
an immunity to the transplants in view of the stimulation of tumor growth 
by subsequent appropriate dietary changes. 

Considering first the influence of the dietary protein level (with a daily 
yeast supplement of 400 mg. yeast), the results may be summarized by 
stating that, generally, a high protein level promoted the growth of the 
nonmalignant tissues, whereas a protein level of about 6 percent caused a 
loss in weight of these tissues without greatly influencing the rate of tumor 
growth. It has already been mentioned that F. R. White (1) found that 
transplants of mammary adenocarcinomas in mice fed a diet containing 
only a trace of protein became established and showed progressive growth 
even though the animals were in continuous negative nitrogen balance. 
It is important to point out that this diet contained the essential vitamins 
in adequate amounts in the form of a liver concentrate and vitamin B1. 
White’s observation and our own, therefore, indicate that on a low-protein 
diet with an adequate supply of essential vitamins for normal growth, the 
tumor grows at the expense of the nonmalignant tissues of the host 
organism. It is of interest in this connection to recall the classical work 
of Miescher (6) on the salmon of the Rhine river as a physiological ana- 
logue. The sexually immature fish passes from the sea into the river and 
spends about 9 months of the year in the river without eating any food, 
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while the ovaries increase in weight from 0.4 to 15 gm., and the testis 
similarly gains in weight from 15-20 gm. in March to 300-400 gm. in 
November. The material for this gain in weight of the gonads is contribu- 
ted by the lateral rump muscles which lose about 40 percent of their 
weight and, according to Greene’s observation (7) on the king salmon, 
show a decrease of muscle protein from 20 to 14 percent. Weiss (8) has 
studied the formation of protamin in the salmon. 

The observations of Whipple and associates (9) on the production and 
interchange of hemoglobin, plasma protein, and cell protein in the dog are 
also pertinent to our problem. Whipple conceives the plasma proteins 
as a source for the protein requirements of the body cells. The plasma 
proteins can be reduced by fasting, low protein diet, bleeding, or plasma 
depletion. 


“These body protein stores, protein production, protein wear and tear, or protein loss 
are in a nicely balanced or steady state—a dynamic equilibrium. These proteins can 
pass readily from plasma into cells or from cells into plasma without loss of nitrogen 

. . There is a fluid interchange betw een the proteins in cells, in reserve stores, in 

production, in utilization and circulation.” 
Very little is known concerning the mechanism of the conversion 
of plasma protein into cell protein, although Whipple and his associates 
found no evidence of a drastic hydrolysis followed by synthesis. Aber- 
halden and Voegtlin (10) reported the very rapid and almost quantitative 
liberation of tyrosine from casein by the action of trypsin, whereas glutamic 
acid is very slowly split off from this protein molecule. It may be that the 
intracellular proteolytic enzymes function in a similar fashion and that 
after partial loss of certain amino acids from the plasma protein, the 
undigested residue is rearranged by the addition and reorientation of 
certain amino acids adapted to the particular cell and tissue. Work with 
amino acids labeled with stable or radioactive isotopes is badly needed 
for progress in this field and particularly for securing an explanation of 
the conversion of plasma and nonmalignant tissue proteins into the 
proteins of neoplasms. 

We turn now to a consideration of the relation of the yeast supplement 
to the growth differential of nonmalignant and malignant tissues. 

In experiments with four young rats bearing two hepatomas each and 
fed a basal diet containing 6 percent casein and a daily supplement of 
400 mg. yeast, the total body weights remained practically stationary 
while the tumors progressed fairly rapidly for about 43 days. The yeast 
supplement was then withdrawn, and 10 days later the size of the tumors 
as well as the total body weights started to decrease rapidly. Twenty-six 
days after the yeast had been eliminated, the tumors had lost on an aver- 
age 23 gm. from the peak values, and the nonmalignant tissues showed 
an average loss per animal of 19 gm. As expected, there was a gradual 
decrease in food intake following the complete withdrawal of the yeast 
supplement. This shows that complete withdrawal of the yeast supple- 
ment and, therefore, of the vitamins of the B complex of the yeast results 
in regression of the tumors as well as rapid loss in weight of the nonmalig- 
nant tissues. 
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Other experiments indicate, furthermore, that a daily yeast supplement 
of 400 mg. is a threshold amount for hepatoma growth, some of the tumors 
progressing and others regressing (table 1). But, as has already been 
noted, this amount of yeast in combination with an adequate amount of 
protein in the basal diet, is satisfactory for normal growth of young normal 
rats. Our attention, therefore, was directed to the possibility that the 
inadequate tumor growth on the 400 mg. yeast supplement might be 
accounted for by an inadequate supply of vitamins of the B complex. 
Robertson and Kahler (5) at about the same time had determined the 
riboflavin of Osborne-Mendel rats carrying hepatoma 31. They found 
the following values in terms of micrograms per gram of fresh weight: 
Hepatoma 4.8, liver of tumor-bearing animal 21.1, and liver of normal 
rats of same breed 29.4. Hence, rats bearing hepatoma 31 were given 
relatively large supplements of riboflavin with the yeast. The results 
showed a striking stimulation of tumor growth in some instances but also 
failures in other cases. Table 2 shows that there is no apparent correla- 
tion of riboflavin dosage and effect except that in some experiments a 
hepatoma was not stimulated to growth by a low dosage but did respond 
when the dosage was greatly increased. Once a tumor was stimulated 
to growth by a course of riboflavin treatment, the tumor continued to grow 
at approximately the same rate for some time after treatment was dis- 
continued. 

It should be mentioned that Morris and Robertson (11), at the time our 
work was in progress, briefly referred, in their work on mouse mammary 
carcinoma, to the action of dietary riboflavin on the growth of hepatoma. 
They used a different diet from ours and without giving any details sum- 
marized their results as follows: 

Our observation that dietary riboflavin deficiency definitely retarded the growth of 
spontaneous tumors (mice) led us to study in a small series of rats the effect of a pre- 
existing dietary deficiency of riboflavin upon the growth of transplants of hepatoma 31. 
This transplanted tumor grew much more rapidly in animals on a diet high in ribo- 
flavin than in those depleted in riboflavin when fed the deficient diet beginning two 
weeks before the transplantation was made. It would appear, therefore, that ribo- 
flavin deficiency may also definitely retard the rate of growth of other types of tumors. 
Our results indicate that relatively large doses of riboflavin, i. e., 200 to 
3,200 micrograms were required to stimulate tumor growth. This is in 
contrast to the relatively small daily requirement of about 13 to 17 micro- 
grams for good growth of normal young rats as determined by Supplee, 
Bender, and Jensen (12) and Day and Darby (13).* It is possible that 
some of our failures to stimulate tumor growth by riboflavin (table 3) 
may have been due to inadequate dosage, as this possibility was recog- 
nized only later in the work. 

Another possibility is the uncertain contribution of riboflavin derived 
from bacterial activity in the intestines, which source may fluctuate con- 
siderably from animal to animal and may be subject to considerable 
variation according to the composition of the basal diet. 


3 The daily requirement of riboflavin for maintenance of health of human adults weighing 60 kgm. is given as 
200 micrograms. 
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A third possibility for the failure of riboflavin to stimulate regressing 
hepatomas may have been in inadequacy of B vitamins other than ribo- 
flavin. Du Vigneaud and coworkers (14) at that time had reported the 
procarcinogenic effect of biotin in butter yellow tumor formation. West 
and Woglum (1/5) had found a decrease in biotin content in primary 
p-dimethylaminoazotoluene-induced rat hepatoma to about 50 percent 
of that of the normal rat liver. Drs. Burk and Winzler and Miss Spangler 
of the National Cancer Institute found 2.1 micrograms biotin per gram of 
dried Harris yeast used at that time by the Institute. In the casein they 
found 0.25 micrograms per gram, in Purina chow 0.50 microgram. We 
found that the growth rate of young normal rats maintained on a basal 
diet of 18 percent casein and a daily yeast supplement of 400 mg. was not 
affected by the addition of 4 to 20 micrograms of biotin to the yeast sup- 
plement. In contrast to this result, experiments illustrated by text-figures 
8 and 9 indicate a prompt response of a slow-growing tumor (text-fig. 8) 
and a delayed response (text-fig. 9) of a hepatoma in the process of rapid 
regression. In the latter case the animal’s food intake declined very 
slowly from 10 gm. daily to 9 gm. at the end of the experiment. On this 
basis the daily intake of biotin in the nonsupplemented diet, if calculated 
on the basis of the biotin content of the yeast and casein, yields about 
1.29 micrograms. More than 10 times this amount was necessary to 
arrest regression and actually stimulate this tumor to growth. In the 
experiment illustrated by text-figure 8, the rat consumed daily 6 gm. of 
the basal diet and, therefore, consumed 0.99 microgram of biotin daily 
before the biotin supplement was given. Here a fourfold increase in 
biotin intake promptly increased the rate of tumor growth, and this rate 
was continued for 25 days following discontinuation of biotin treatment. 
The food intake remained practically constant throughout the experi- 
mental period, indicating that the stimulation of tumor growth could not 
be attributed to an increased caloric or protein intake. Seven similar 
experiments with biotin are summarized in table 3, all showing a striking 
stimulation of growth of the hepatoma following the treatment with 4 or 
10 micrograms biotin daily. It should be emphasized, however, that 
six other regressing tumors did not respond to this treatment. 

Two experiments were, therefore, performed to test the stimulating 
effect of a combined treatment with riboflavin and biotin. These are 
illustrated by text-figures 10 and 11 and need no further comment, except 
to emphasize again that, first, in neither experiment was the stimulation 
of tumor growth accompanied by an increase in caloric or protein intake, 
and second, that the growth of the nonmalignant tissues progressed 
rapidly on the high-protein diet and not on the low-protein diet. 

In searching for an explanation of the mechanism whereby riboflavin 
or biotin or a combination of the two vitamins cause a striking increase 
in tumor growth, it is pertinent to recall that hepatoma 31 has a very 
low content in riboflavin (5), and primary rat hepatomas induced by 
p-dimethylaminoazobenzene contain much less biotin than adjacent non- 
cancerous liver as shown by Pollack and coworkers (16). Furthermore. 


co 


of 


G 

s] 

x 

d 

i 


GROWTH OF TISSUES IN RATS BEARING HEPATOMA 31 49 


Greenstein, Jenrette, and White (17) and Greenstein and Leuthardt (18) 
showed that the relative activities of flavin-containing enzymes, such as 
xanthin-dehydrogenase and d-amino acid oxidase, are considerably re- 
duced by the conversion of normal rat liver into hepatoma. 

Axelrod and Elvehjem (19) studied the relation of dietary riboflavin 
on the proper function of riboflavin enzymes in normal rats with reference 
to the xanthin oxidase activity of the liver. They found that 30 micro- 
grams of riboflavin per day was the limiting factor for the formation of 
the enzyme in the rapidly growing rat. Axelrod, Potter, and Elvehjem 
(20) reported a deficient activity of the succinic oxidase system of the 
liver in riboflavin-deficient rats. The available evidence, therefore, 
points to a relation between dietary riboflavin intake and the activities 
of the flavin enzymes of the normal liver of rats. However, Robertson 
and Kahler (5) found that hepatoma 31 from rats ingesting a riboflavin- 
rich diet had only about 50 percent of riboflavin as compared with the 
liver of normal rats fed a diet low in riboflavin. These observations 
suggest but do not prove that the storage in or the utilization of dietary 
riboflavin by hepatoma 31 is in some way defective. This view receives 
some support by the relatively large doses of riboflavin required to stimu- 
late tumor growth in some of our experiments, as well as by the latent 
period before a regressing tumor started to grow following riboflavin 
treatment. Whether this is accounted for by a defect in storage capacity 
for riboflavin or a defect in the synthesis of the flavin-containing enzymes 
of the hepatoma remains to be elucidated by further work. 

It also should be noted that Sure and Dichek (21) have reported a 
pronounced favorable effect of dietary riboflavin on the economy of food 
utilization in the rat. In view of the importance of flavin enzymes in the 
oxidative metabolism of normal tissues and on the other hand the defect 
of this metabolism in malignant tumors including hepatoma 31, itis 
permissible to raise the question of a possible connection between dietary 
riboflavin and tumor oxidation and tumor growth. 

With regard to the mechanism underlying the action of biotin as a 
stimulus for hepatoma growth, it is worth noting that normal liver is one 
of the richest sources of biotin, and Burk and Winzler (22) suggested that 
biotin might function as a co-enzyme of carbon dioxide transfer. This 
idea was supported by the work of Summerson and coworkers (23) who 
found that biotin is concerned in the oxidation of pyruvate and lactate 
by rat liver slices with the formation of oxalacetate. Other tissues of 
biotin-deficient rats did not exhibit this effect, which in the liver was 
caused by as little as 2 parts of biotin in 10 million of medium. Ochoa 
and coworkers (24) then found that the liver enzyme causing decarboxyla- 
tion is decreased in the liver of biotin-deficient turkeys. It is not clear 
whether biotin actually functions as a co-enzyme or is simply necessary 
for the synthesis of the enzyme since the purified enzyme does not appear 
to contain biotin. Moreover, Lichstein and Umbreit (25) describe a 


second role of biotin, involving an enzyme system concerned with the 
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deamination of aspartic acid, serin, and threonine by certain bacteria. 
Whether biotin functions in a similar manner in mammalian liver is not 
known. It is possible that the enhanced growth of hepatoma caused in 
some of our experiments by biotin may be attributed in part to a better 
utilization of pyruvic acid and lactic acid as sources of energy. Experi- 
ments along these lines deserve consideration. 

It should be kept in mind that a large part of the biotin requirement of 
the rat is derived from a variable source of its own intestinal bacteria and 
this may account for the variation in the response of the tumors of different 
animals. 

Our results suggest further work with hepatomas with a synthetic diet, 
i. e., vitamin-free casein as sole source of protein and pure B vitamins in 
place of the yeast. Under such conditions it may be possible to limit 
riboflavin and biotin so as to regularly cause regression of the tumor 
without causing damage to the host’s tissues by the use of a high-protein 
diet. 

Attention should be called to the effect of the tumor on the metabolism 
of the nonmalignant tissues, a subject discussed at length by Greenstein 
in his book Biochemistry of Cancer (26). It is evident from our work 
that the disturbance in the tissues of the host caused by a growing hepa- 
toma is not sufficient to prevent their growth in the young tumor-bearing 
animal, provided the diet supplies an adequate amount of proteins and 
vitamins. 

We close this discussion by emphasizing that the production of hepa- 
tomas in rats by azo dyes on the one hand and the growth of established 
hepatomas on the other hand are evidently influenced differently by 
dietary riboflavin. Miller and coworkers (27) summarize the present 
evidence as follows: 


All the data indicate that rats with a high level of hepatic riboflavin are much less 
likely to develop liver tumors than animals with a lower concentration, while the 
levels of hepatic biotin and vitamin Be are not correlated with tumor incidence. 


SUMMARY 


The conclusions drawn from our experiments are restricted to hepatoma 
31 in rats of the Osborne-Mendel strain. By using young rats, it is feasible 
to discover pronounced differences in the growth differential of malignant 
and nonmalignant tissues in the same tumor-bearing host as influenced by 
variations in dietary conditions. It is concluded that the so-called 
autonomy of tumor growth is a misleading term since our experiments 
indicate that certain dietary variations can bring about great variations 
in the growth rates of the hepatoma as well as of the nonmalignant tissues. 

A semisynthetic diet containing from 18 to 36 percent casein and a 
daily supplement of 400 mg. brewer’s yeast supports excellent growth of 
normal young rats over the greater portion of their life span. 

The growth of initially small transplanted hepatomas was very rapid in 
some instances but regressed in many young rats fed this semisynthetic 
diet. For this reason it is advantageous to treat each tumor-bearing 
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animal as its own control for the purpose of studying the influence of 
dietary changes. 

Some hepatomas undergoing regression, and in some instances even 
tumors which have regressed to such an extent that they can no longer be 
palpated for a considerable period of time are stimulated to growth by the 
addition of 200 to 3,200 micrograms of riboflavin to the daily yeast supple- 
ment. The dosage of riboflavin for this purpose seems to vary from animal 
to animal and may fail as a stimulus of hepatoma growth in many animals. 

Stimulation of tumor growth is observed after the addition of 4 to 20 
micrograms of pure biotin to the daily yeast supplement, but this treat- 
ment may fail to stimulate other tumors. 

A combined riboflavin-biotin treatment appears to be more effective 
for stimulating tumor growth than the use of either of these vitamins 
alone. 

These observations suggest that the daily yeast supplement of 400 mg. 
is a threshold supply for either or both of these vitamins for tumor growth. 

Some of the failures of tumor stimulation following treatment with 
riboflavin or biotin or of their combination may be accounted for by the 
late recognition in this work of the need of adequate or combined dosage 
of these vitamins, or by a variable source of these vitamins derived from 
intestinal bacteria. 

The striking stimulation of tumor growth by riboflavin or biotin cannot 
be accounted for by an increased consumption of calories or protein and 
can probably be attributed to an influence of these vitamins on inter- 
mediary tissue metabolism. Several possibilities of the influence of these 
vitamins on the action of certain enzyme systems of the tissues are 
discussed. 

On a low (6 percent) casein diet with a daily supplement of 400 mg. 
yeast the nonmalignant tissues of the tumor-bearing animal tend to lose 
weight, whereas a high casein diet promotes growth of these tissues in a 
host with a rapidly growing tumor. 

Our observations with hepatoma 31 suggest that the growth differential 
of malignant and nonmalignant tissues in the same host organism depends 
on a nicely balanced function of certain dietary factors, which may pro- 
duce either gain or loss of weight of these tissues, more or less independent 
of each other. This may possibly be accounted for by the drastic changes 
in biochemical organization resulting from the conversion of normal rat 
liver into hepatoma. 
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CHANGES IN A TRANSPLANTED FIBRO- 
SARCOMA ASSOCIATED WITH ASCORBIC 
ACID DEFICIENCY ' 


By Van B. Ropertson,? A. J. and 
W. E. Heston, National Cancer Institute, National Insti- 
tutes of Health, Public Health Service, Bethesda, Md. 


Numerous studies of the effects of specific vitamin deficiencies on the 
incidence, growth rate, morphology, and biochemistry of tumors have 
been reported. It is surprising, at first glance, that no adequate studies 
of the effect of an ascorbic acid, vitamin C, deficiency on neoplasia have 
been reported despite the fact that this was one of the first vitamins 
known and readily available. The difficulty of obtaining satisfactorily 
uniform tumor material in either primates or guinea pigs, the only species 
in which this vitamin is a dietary essential, has no doubt been responsible 
for the paucity of data. Except for a brief report by Watson (1), who 
studied the effect of experimental scurvy on a few induced tumors in 
guinea pigs, the only data in the literature refer to experiments in which 
tumor-bearing mice and rats were used (2-7). The results of these latter 
experiments are of questionable significance since the animals were them- 
selves able to synthesize an adequate amount of ascorbic acid. The 
relationship of dietary ascorbic acid to cancer requires the use of an 
inbred animal incapable of synthesizing the vitamin, viz, an inbred 
strain of guinea pigs. 

The major pathology of scorbutus is found in the mesenchymal tissues; 
a general failure to deposit ‘intercellular cement substances,” collagen, 
osteoid, and dentine has been observed (8). Cellular lesions which have 
been ascribed to a vitamin C deficiency are not so well defined and may 
be secondary to the basic connective tissue defect. Since the failure of 
connective tissue cells to elaborate collagen and reticulum is of major 
importance in an ascorbic acid deficiency, the production of tumors in 
scurvy-susceptible hosts should afford an opportunity to examine the 
role of the connective tissue stroma in the development and pathogenesis 
of neoplasia. 

This is a study of the morphologic, chemical, and growth-rate changes 
produced in a transplanted fibrosarcoma in inbred guinea pigs by an 
ascorbic acid deficiency. be 


1 Received for publication December 8, 1948. 


2 Present address: Division of Experimental Medicine, College of Medicine, University of Vermont, Burling- 
ton, Vt. 
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MATERIALS AND METHODS 
GuINEA Pics 


Animals of family 13, an inbred family of guinea pigs which is main- 
tained at the National Cancer Institute, were used. This strain was 
obtained in 1940 from Dr. O. N. Eaton, of the U. S. Department of 
Agriculture Experimental Station, Beltsville, Md. It is one of the original 
families developed in the early inbreeding work of Wright (9, 10) and 
others in the Bureau of Animal Industry. Family 13 was considered to 
have a high degree of genetic homogeneity and, therefore, to be suitable for 
this study, because it has been maintained by brother-sister matings 
since 1906 except for a few years of random matings within the family 
just prior to 1940. 

NEOPLASM 


The original tumor, fibrosarcoma No. C 2663, was induced in family 13 
male No. 231 by subcutaneous injection of a single 20-mg. sample of 20- 
methylcholanthrene in sesame oil. The tumor became palpable in 162 
days and was transplanted 26 days later. No histologic or growth-rate 
change was observed during three generations of tumor transplants. The 
fourth and succeeding generation transplants were used for these studies. 


CuemiIcaL METHODS 


Ascorbic acid was assayed on metaphosphoric acid tissue extracts by 
titration with 2,6-dichlorophenol-indophenol. A few analyses were 
made by the method of Roe and Kuether (11); these agreed well with the 
titration results. Total solids were determined by drying to constant 
weight at 110° C. Collagen and elastin were determined by the method 
of Lowry, Gilligen, and Katersky (12) modified by a preliminary wash 
with water to remove a very viscous material which formed when tumors 
were extracted in dilute alkali. 


EXPERIMENTAL PROCEDURE 


Adult litter mate guinea pigs of the same sex and about the same weight 
were inoculated subcutaneously by trocar in the lateral posterior thoracic 
region with about 100 mg. of healthy tumor tissue. The animals were 
kept in individual wire cages and fed Purina rabbit chow pellets supple- 
mented with carrots and cabbage. The pellets contained no demonstrable 
ascorbic acid. The tumors became easily palpable by the 10th-12th day 
at which time the supplement of cabbage and carrots was removed; one 
group was allowed to become scorbutic, the other was supplied with 
vitamin C by subcutaneous injection of 50 milligrams of freshly prepared 
sodium ascorbate three or six times a week. The two diameters of the 
tumor which lie in a plane parallel to the body surface were measured 
with calipers twice weekly, and the logarithm of the product of these 
two measurements was used to calculate the average tumor-growth rate. 
Body weight and food consumption were measured. The scorbutic guinea 
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pigs were watched closely and were killed when moribund. A normal 
control was killed within 24 hours of the time of autopsy of the scorbutic 
animal. 

The original experiment was designed so that the normal animal would 
serve as a calorie as well as a litter control, i. e., the food consumption of 
the normal was limited to that of the ascorbic acid deficient litter mate 
for the preceding period. These controls did not prove feasible as there 
were about 50 percent nontakes and early regressions which left too few 
litter mate pairs for individual comparison. For this reason, the experi- 
mental animals were considered in only 2 groups, viz, normal and scorbutic. 
The pathology and growth-rate are based on 14 animals in each group 
which were randomly distributed with relation to sex and initial weight. 
The numbers of tissues used for the several chemcial determinations are 
given with these data. 


RESULTS 


MorPHOLOGIC AND HisToLoagic CHANGES 


For 2 weeks after placing guinea pigs on a scorbutigenic diet, no differ- 
ences from normal pigs were observed. After about 2 weeks, tumors in the 
scorbutic pigs appeared to become attached to the skin and belly wall, 
whereas in normal pigs the tumors were still discrete and easily moveable 
(pl. 2, fig. 1). Gradually a mass of hemorrhagic connective tissue substance 
was built up around these tumors so that they no longer appeared as dis- 
crete masses (pl. 3, fig. 2). After about 3 weeks on the deficient diet, 
gross edema and small areas of petechial hemorrhage appeared radiating 
from the tumor area. The animals appeared sensitive to touch and were 
often found lying in their cages. At this time the appetite decreased until 
during the few days preceding death only a few grams of food were eaten. 

At autopsy nontumor-bearing scorbutic animals run as controls showed 
some variation in the degree of the pathologic changes characteristic of 
scurvy. The gross changes included loosening of the incisor teeth, edema, 
and occasionally hemorrhage in the connective tissues, hemorrhage and 
ulceration in the gastric and intestinal mucosa, and enlarged, pale, friable 
livers. The gastrointestinal defects were found to be more frequent and 
severe in a group of guinea pigs which during the last tew days of severe 
scurvy had been fed powdered rabbit chow pellets to ease the trauma 
and pain of gum and periodontal tenderness. 

Microscopic examination showed typical scorbutic changes in the 
dentin and in the odontoblast layer of the teeth. At the costochondral 
junction there was evidence of reduction or complete cessation of endo- 
chondral bone formation. In some instances an amorphous, acidophilic, 
fibrinous material was found in the region where osteoid tissue would 
normally be located. The erosions of the gastrointestinal tract were found 
to have extended in some cases through the submucosa to the tunica 
muscularis, but no cases of perforation were identified. The livers fre- 
quently contained extensive areas of hematopoietic tissue in addition to 
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extensive fatty infiltration. Necrosis not restricted to any particular part 
of the hepatic lobule was common. 

The tumor-bearing scorbutic animals were characterized by the presence 
of a large edematous hemorrhagic area completely surrounding the region 
of the tumor implant (pl. 3, fig. 2). On dissection this tissue was found 
to be deep, reddish-purple, and of a rubbery consistency. It was firmly 
attached to and apparently continuous with the tumor capsule and the 
deeper layers of the epidermis; occasionally it was also attached to the 
connective tissue associated with the musculature of the body wall. 

Histologic examination of the organs and tissues of the tumor-bearing 
scorbutic animals showed the same general changes as did the nontumor- 
bearing ones. The most obvious difference was the presence of large 
amounts of the aforementioned hemorrhagic connective tissue attached 
to the tumor capsule. In this tissue, the fiber bundles were small (2yu-3,) 
and were widely separated from one another. The spaces between the 
fibers frequently contained numerous red blood corpuscles. There 
appeared to be direct continuation of the fibers of this tissue into the tumor 
capsule, yet the capsule proper showed little evidence of edema and no 
signs of hemorrhage. 

The tumor transplant when grown in healthy animals regularly contained 
a central core of necrotic material. In old tumors this central region also 
contained relatively large amounts of slightly viscous fluid. Despite this 
large central necrotic area, the margin of the tumor was usually free of 
necrosis; only small focal areas were occasionally encountered (pl. 4, 
fig. 3). On the other hand, tumors in scorbutic hosts characteristically 
showed not only the large area of central necrosis but also numerous small 
areas of focal necrosis scattered throughout the peripheral portion of the 
tumor (pl. 5, fig. 4). Although there was this marked increase in necrosis, 
tumor tissue a short distance from areas of necrosis appeared perfectly 
healthy and contained many mitotic figures. 


CHEMISTRY 


The concentrations of ascorbic acid and of total solids in the tumors, 
liver, and adrenals of both the nonscorbutic and scorbutic tumor-bearing 
animals are given in table 1. No significant change in total solids was 
evident in any of these tissues. As would be expected, the ascorbic acid 
concentration in all the tissues of the scorbutic pigs was markedly de- 
creased; this was especially notable in the tumors. The values obtained, 
0.2-0.9 mg. per 100 gm. of tumor tissue, are near the sensitivity of the 
method and may represent no ascorbic acid. 

Wolbach and Howe in 1926 (13) reported the inability of scorbutic 
animals to lay down collagen. This has come to be regarded as one of the 
primary defects associated with scurvy, and for this reason we felt it 
pertinent to assay the collagen in the tumors of normal and scorbutic 
guinea pigs. The collagen of tumors in seven normal pigs averaged 8.9 
percent (range 6.4-14.5 percent) of dry weight, whereas that in three 
scorbutic pigs averaged 3.7 percent (range 1.8-4.6 percent). Elastin, 
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another connective tissue protein, was found in equal concentration in 
both groups of tumors. 
RaTE oF GROWTH 


The rate of tumor growth on a scorbutigenic diet and on an adequate 
diet is shown in text-figure 1. The logarithm of the average cross sectional 


TaBLE 1.—Ascorbic acid and total solids in the tissues of tumor-bearing guinea pigs on 
a normal and a scorbutigenic diet 


Ascorbic acid Total solids 
Tissues 
Normal Scorbutic Normal Scorbutic 
Mg@./100 gm. Mg./100 gm. Gm./100 gm. G@m./100 gm. 
15. 3!(6) 1.4 (5) 28.1 (7) 27.4 (12) 
141.0 (6) 6.3 (5) 31.2 (2) 30.0 (7) 
Fibrosarcoma No. C 2663-_------ 16.1 (5) 0.5 (4) 15.6 (4) 16. 3 (12) 
1 Numbers in parentheses indicate number of tissues analyzed. 
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area (product of 2 diameters) is plotted against time on the experimental 
diets. The last 3 points on each curve represent less than 14 animals since 
some scorbutic animals died. 

The tumors in the two groups of guinea pigs grew at the same rate for 
about 2 weeks after being placed on the experimental diets. At this time, 
the growth rate of tumors in the scorbutic animals began to decrease 
markedly, and this slower rate persisted until death. However, no re- 
gressions were observed. 

The average necropsy weights of the tumors in normal animals was 
29.6 gm. (range 1.2-62.9 gm.) and of the tumors in scorbutic pigs 7.6 gm. 
(range 1.0-16.0 gm.). Statistical treatment of these data showed this 
difference to be highly significant (P<.01). The difference in tumor 
weights was much more impressive than the differences in tumor size 
observed in the growth curves. We believe this apparent discrepency was 
caused by morphological changes in the tissue surrounding the tumors in 
the scorbutic guinea pigs (See Histology). The tissue around these tum- 
ors was so swollen that all external measurements of tumors in scorbutic 
animals included considerable extraneous material whereas the tumors in 
normal animals were discrete and could be calipered with reasonable 


accuracy. 
DISCUSSION 


The general conclusion reached from a good many studies of the relation 
of dietary essentials to tumor growth is that any dietary deficiency affects 
the host at least as much as it does the tumor. The present data leave 
little doubt that the lack of ascorbic acid causes a deterioration and 
marked decrease in the growth rate of the tumor studied, but since these 
were acute experiments, no unequivocal answer to the question whether 
the effect on the host is equally severe is possible. Moreover, since a 
high rate of regressions and nontakes nullified the planned caloric-control, 
it must remain undecided whether the effects observed should be ascribed 
to a secondary deficiency or to the vitamin C deficiency per se. We be- 
lieve the decreased collagen content in the tumors of scorbutic guinea 
pigs and the growth pattern discussed below implicate ascorbic acid as a 
primary factor. 

As might be expected, the growth rate of: the ‘tumor in the animals 
on a normal diet is a simple exponential function, which is also the case 
for about 14 days for those on a scorbutigenic diet after which time the 
rate falls off (text-fig. 1). As mentioned previously, the true difference in 
growth is not reflected by these curves, for at autopsy the average tumor 
weight in normal animals was 29.6 gm. and in scorbutic animals only one- 
fourth as much, 7.6 gm. The plotted growth curve shows that the tumors 
in normal hosts had reached one-quarter of their final size on about the 
twelfth day. Although the tumors in the guinea pigs on the deficient 
diet probably stopped growing at this time, it was another 10 to 12 days 
before the animals’ food consumption and weight dropped or before 
marked acute signs of scurvy were evident. Obviously an attempt should 
be made to maintain the tumor-bearing guinea pigs in the depleted pre- 
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symptomatic state for extended periods. The low concentration of as- 
corbic acid found in the tumors of scorbutic animals (see also Boyland 
(14)) indicates that the tumor has no especial affinity for ascorbic acid so 
that under these conditions tumor growth might be inhibited without 
adversely affecting the host. 

If one accepts the premise that one of the major roles of ascorbic acid 
lies in the maintenance of the connective tissue system, then the marked 
necrosis and deterioration seen in the tumors suggest the necessity of an 
intact stroma for continued neoplastic growth. This offers a possible 
point of attack in cancer therapy other than the usual one on the malignant 


cell per se. 
SUMMARY 


A transplanted fibrosarcoma grew slower in guinea pigs on a scorbuti- 
genic diet than in those on an adequate diet. 

The tumors in the scorbutic pigs showed multiple areas of focal necrosis 
and became embedded in a mass of rubbery, hemorrhagic, connective- 
tissue substance. 

The ascorbic acid content of the neoplasms in the deficient animals 
was essentially zero; the collagen concentration was found to be one-half 
that of tumors growing in normal animals. 
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PLATE 2 


Ficure 1.—Gross appearance of a subcutaneous implant of fibrosarcoma C 2663 in 
the flank of a normal 7-month-old white female guinea pig of strain 13. The tumor 
was implanted 52 days before death and weighed 4 gm. The animal received 50 
mg. of ascorbic acid 6 times weekly for 35 days before death. Note the sharply 
outlined tumor capsule and the absence of hemorrhage in the neighborhood of the 
implant. Magnification approximately one-half. 
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PLATE 3 


Figure 2.—Gross appearance of subcutaneous implant of C 2663 in a scorbutie 5- 
month-old white female guinea pig of strain 13. The tumor was implanted 48 
days before death, and the animal was placed on a scorbutigenic diet 38 days before 
death. The tumor weighed approximately 8.6 gm. at autopsy. It is surrounded 
by hemorrhagic connective tissue and has been partly pulled away from its attach- 
ment to the body wall. Note the large area of hemorrhage surrounding the area 
of the implant. Magnification approximately one-half. 
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Figure 3.—Section of fibrosarcoma C 2663 implanted in a normal 434-month-old white 
female guinea pig of strain 13. The tumor was implanted 5 months before death 
and weighed 345 gm. at autopsy. This case was chosen because it was considered 
typical of the histologic appearance of this tumor when grown in normal animals. 
Note the well defined fibrous capsule and the absence of necrosis in the periphery 
of the tumor. Zenker-formol fixation, hematoxylin and eosin strain. X 160. 
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Fictre. 4.—Section of the same tumor shown at autopsy in figure 2. The capsule 
happened to be removed during dissection because it was practically continuous 
with the surrounding hemorrhagic connective tissue. Note the areas of peripheral 
focal necrosis separated by areas of apparently healthy tumor tissue. Zenker- 
formol fixation, hematoxylin and eosin stain. X 160. 
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THE EFFECT OF ECTOPIC AUTOLOGOUS 
GRAFTS OF ANDROGEN-STIMULATED 
PROSTATE UPON THE SERUM “ACID” 
PHOSPHATASE OF THE DOG! 


By Roy Hertz, Benton B. Westrauut, Morris K. Bar- 
RETT, and Witu1am W. TuLiner, National Cancer Insti- 
tute, National Institutes of Health, Public Health Service, 
Bethesda, Md. 


INTRODUCTION 


That the human prostate contains very high levels of acid phosphatase ” 
was first demonstrated by Kutscher and Wolbergs (/). Gutman and 
Gutman subsequently showed that the development of a high titre of 
acid phosphatase in the prostate of the monkey depends upon the 
stimulation of the secondary sex glands by male sex hormone. (2). 

They also noted that the concentration of acid phosphatase in the 
serum of monkeys intensively treated with male hormone remained un- 
changed even in the presence of elevated levels in the prostate gland (2). 
However, a high level of acid phosphatase can be demonstrated in the 
serum of persons suffering from carcinoma in whom the carcinomatous 
growth has extended beyond the prostatic capsule or metastasized to 
distant parts of the body, notably to bone (8, 4, 4). 

The mechanism whereby the serum acid phosphatase becomes elevated 
in metastatic prostatic carcinoma is not completely understood. It is 
generally considered that the phosphatase content of the ectopic prostatic 
tissue is absorbed directly into the blood stream. Accordingly, we have 
attempted to bring about an elevation in the serum acid phosphatase 
level by the use of autologous transplantation of the dog prostate com- 
bined with intensive androgen administration. Our findings thus far are 
consistently negative and suggest that some factor other than the mere 
presence of ectopic prostatic tissue is necessary for the production of a 
high serum acid phosphatase in the dog. 


MATERIALS AND METHODS 


Eleven mongrel, adult male dogs weighing between 9.4 kg. and 16.5 kg. 
were maintained under good general hygienic conditions and fed a diet 
of horse meat, commercial dog biscuits,’ and milk. Testosterone pro- 
pionate was administered daily at the indicated dosage in 1 cc. corn oil 
subcutaneously. All surgery was performed aseptically and under ether 
anesthesia. A large portion of the prostate was resected and transplanted 

! Received for publication December 10, 1948. 


? Throughout this paper the term acid phosphatase is used to indicate acid phosphatase activity. 
* Dietrich and Gambrill, Square dog biscuits. 
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in small fragments to the new site. Blood for acid phosphatase deter- 
mination was drawn from either the femoral or saphenous vein and the 
determination completed within 3 hours after the blood had been drawn. 
Animals were killed by bleeding from the heart. Tissues were either 
fixed in formalin and stained with hemotoxylin and eosin or they were 
fixed in cold acetone for histochemical determination of acid phosphatase 
by the method of Gomori (6). Prostatic tissue and prostatic grafts 
were immediately frozen and ground in a Potter hand homogenizer for 
chemical determination of acid phosphatase. 

Acid phosphatase was determined by either the method of Gutman 
and Gutman (7) or by a modification of the method of Shinowara, Jones, 
and Reinhart (8). 

At autopsy a careful search for prostatic grafts was made. The identity 
of this tissue was confirmed by histological examination in all cases. 
Usually, a portion of the recovered grafts was immediately homogenized 
and assayed for acid phosphatase content. 


RESULTS AND DISCUSSION 


The experimental data are summarized in table 1. In 10 of the 11 dogs, 
viable grafts of well-preserved and well-vascularized prostatic tissue were 
recovered. The degree of secretory activity in the recovered graft tissue 
reflected the intensity of the androgen treatment to which the dog had 
been subjected just prior to autopsy. Figures 1, 2, and 3 (plates 6, 7) 
present several magnifications of a characteristic nodule of prostatic graft 
tissue in the liver of Dog 111. It will be seen that there is considerable 
capsular reaction about the graft but that the prostate tissue has attained 
an excellent vascular supply. Moreover, the epithelium is of high col- 
umnar type, and the acini are filled with characteristic secretory material. 
It appears that the administered androgen was acting upon the prostatic 
graft. 

Even in the presence of such androgen-stimulated prostatic tissue in 
either the liver, omentum, or subcutaneous tissue, there occurred no sig- 
nificant elevation of acid phosphatase in the serum (table 1). That the 
ectopic prostate contained the characteristically high levels of acid phos- 
phatase was demonstrated in nine dogs by actual assay of a portion of the 
recovered grafts. In two instances, the presence of high levels of acid 
phosphatase was further confirmed by the histochemical method of 
Gomori (6). 

It is appreciated that the artificial?condition produced in our experi- 
mental dogs fails in many quantitative and qualitative features to simu- 
late the clinical state in which a high serum acid phosphatase is encoun- 
tered. No invasive, malignant tissue is present as in the case of metasta- 
sizing prostatic carcinoma. It may be that the normal structural rela- 
tionship between the enzyme-laden prostatic cell and the neighboring 
tissue cells must be disturbed in order to permit the entrance of the acid 
phosphatase into the blood stream. In addition, the amounts of ectopic 
prostatic tissue in our dogs may have been too small to effect an elevation 


mhnonhaines tn dons hearina ectovically arafted prostate tissue 


| | 


63 


EFFECT OF GRAFTS OF ANDROGEN-STIMULATED PROSTATE 


JO 7B 89,0300; vag 


‘8 
MOT onssty [Bore | (ws) oe: | 9 | 0 | | OF | 
OF (8) OL 'T 
Ze ts} os 
ons -pou ou ‘sivos 8) ‘I 
0 
*(8) LP (8) OF ° 
MoYs Ze (8) 00 ‘T 
SI o[npou | g GZ 02 | 01} 0 | 0 | 89 | PIT 
8I 8) 08 
(8) 
0 (8) 
-01098 PUB *(®) 1Z (8) 08° 
-oyyide MOT jo = 01919 queld 0} ayeyso1d jo tI (8) | oF 9 ‘OI | SIL 
“SBA ‘paAdosoid | sajnpou | snosuBynoqng|\| (8) 02° 
‘ 
=01314 “UIN}UDUIO PUB IOATT 1Z (8) 00 ‘I 
ayeysoid jo 0z (8) og 19|¢ | OL | *6 | SIT 
pus podAsosoid WO1J O08 jO snoZojoyny OL ‘I 
A[YBIY SI onssty awry | jo ,sajnpou FT 9 (8) 29 -ayy 
(‘do | osoq | 
s3uipug Asdojny oseyeydsoyd urniog | 9u010480480,], 
anss1 fi27091d 0392 Bursvaq sbop ur asnjnydsoyd J, 


q 


MOVE ' 


Ass aG #1 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


88 (4) OF ) 
LY (q) 
*(q) spun OF (q) ST 
‘od sajnpou g ¥€ (q) 0 0 0 0 ‘Ol | 992 
GZ (q) 09° 
It (q) ° 
0 (q) 
(q) ° ) 
bP (q) 
0} lg (q) 
*(q) -soid yusosed ynoqe 1g (q) OS * O 0 0 0 26 | 21% 
“od sojnpou | jo snosoloyny]| ZZ (q) 
8 (q) 
0 (q) ° 
(q) $8 ) 
(q) 
8 q) LS ° 
0 + (q) 08° 
“OW ‘OW ‘OM 
(‘do | osoq | | 
sZujpuy Asdojny oseyeydsoyd poe | 


Bursvaq sbop ur asvzoydsoyd prov wnsag9—"| 


| | 


65 


EFFECT OF GRAFTS OF ANDROGEN-STIMULATED PROSTATE 


*(Z) 49 JO Aq JO ONT 10 UINIES “00 NOT 10d = (q) 

JO 10 OOT 10d = (8) ¢ 
[JO “90 | UT UeATH ; 


‘od 


‘od 


-o8 


*(8) 
009% = 01919 
sojnpou ZT 


*IOAT] 
pe19A 0001 


*(@) 
006‘Z = 291744 
sojnpou 


83 | (8) 08 


eyeysoid jo 
JO snoSojoyny || 8% 0g 


£9 (8) qo 

se (8) pue 

1Z (8) og 

09° 

L (8) 08 ‘0. 

OL 0 

(3) 

8Z [| 19 

1Z te) 

OF 

| 

IZ OF 

PI (8) 


174 


TZ 


Itt 


d 
= 
ae 
Nn 
844478495 
| 
“| 


66 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


of the serum level of acid phosphatase, since such elevations are most 
frequently observed clinically in the presence of fairly massive amounts 
of metastatic tissue. Nevertheless, elevated serum acid phosphatase has 
been reported in cases in which relatively small amounts of malignant 
tissue have been found extending into structures immediately adjacent 
to the prostate gland (64). 

It should be emphasized that the same effects were observed in dogs 
bearing grafts supplied by either the portal or systemic circulation. It 
is, therefore, unlikely that local factors interfered with the development 
of a high serum acid phosphatase. 

Since our findings are entirely of a negative character, one may conclude 
only that the mere presence in tissues drained by either the portal or 
systemic circulation of substantial amounts of highly active, enzyme-rich 
prostatic tissue is not sufficient to effect a rise in serum acid phosphatase. 
Further study is indicated to determine what additional factors must be 
brought into play in order to reproduce the striking biochemical change 
in the serum which is considered to be virtually pathognomonic of meta- 
static cancer of the prostate gland. 


SUMMARY 


In 11 dogs, the surgical grafting of autologous prostate to the liver, 
omentum, or subcutaneous tissue, with or without associated intensive 
androgen treatment, effected no significant elevation in serum acid phos- 
phatase. Nevertheless, high acid phosphatase content could be demon- 
strated in the recovered grafts, and they were observed histologically to 
be made up of actively secreting, well vascularized prostate tissue. These 
observations suggest that the mere presence of ectopic prostate tissue 
which is rich in acid phosphatase is not sufficient to produce in the dog 
the type of elevation of serum acid phosphatase seen in clinical cases of 
metastatic carcinoma of the prostate. 
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Ficure 1.—Intrahepatic prostatic graft in Dog 111. Gross specimen. Note multiple 
nodules of prostatic tissue. 


Ficure 2.—Intrahepatic prostatic graft in Dog 111. 


Magnification X 20. Normal 


architecture and heavy encapsulation are noted. 
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Ficure 3.—Intrahepatie prostatic graft in Dog 11]. Magnification X 150. Highly 
secretory and well-vascularized prostate tissue contiguous with normal liver tissue. 
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GLASS CLOTH AS A SUBSTRATE FOR 
TISSUE CULTURE 


By Warner, Ph.D., HaNAWALT, 
B. A., and Frirz Biscnorr, Ph.D., Tissue Culture and 
Chemical Laboratories, Santa Barbara Cottage Hospital 
Research Institute, Santa Barbara, Calif. 


INTRODUCTION 


The need arose in the laboratory for fairly large quantities of living 
normal tissue cells free of other organic material. A search was begun to 
find a substrate which would support the growth of cells in continuous 
culture and which would in itself be completely inert. Of the many 
materials tested FIBERGLAS, a cloth woven of glass fiber, came nearest 
to fulfilling the desiderata, although a new complication, the precipitation 
of nonliving protein material upon the cloth did not produce a culture free 
of extraneous organic material. As yet we can report complete success 
only in the growth of primary explants. The problem encountered in 
subculture and in an attempt to produce large volumes of tissue will be 
discussed below. 

The substrata used in present methods of tissue culture present obvious 
disadvantages. Either the cells are inextricably bound with a variable 
complex organic material, e. g., plasma clot, or are grown on some material 
having high adsorptive powers, e. g., cellophane (1). 

We believe the glass cloth presents the following advantages: (1) It 
may be used in the roller tube and should be equally successful in the 
Carrel flask or the hanging drop preparation; (2) the cloth may be sub- 
jected to vigorous cleaning and sterilizing processes; (3) cultures may be 
set up rapidly and under more constant conditions than with plasma; 
and (4) the lag period before beginning growth is minimal and the growth 
rate constant for a relatively long period of time. 


MATERIALS AND METHODS 
SuBsTRATE 


FIBERGLAS cloths numbers 106 and 108, generously supplied by 
Owens-Corning Fiberglas Corporation, Toledo 1, Ohio, have been em- 
ployed in our studies. These are the 2 available weaves of lightest weight. 
Number 106 contains 56 yarns per inch and is 0.0015 inch in thickness. 
The space between the yarns is about equal to that occupied by the yarns. 

1 Received for publication December 20, 1948. 
Aided by 8 grant from Major and Mrs. Max Fleischmann. 
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Number 108 is woven of a yarn containing more fibers and has a warp of 
60 yarns to the inch and a fill of 47 yarns to the inch with the result that 
the space between yarns is very small. The thickness of the cloth is 
0.002 inch. The lighter cloth gives ample opportunity for observation 
and for photography of the developing tissue. 


PREPARATION OF CULTURE TUBE 


The cloth was cut into 8-cm. widths, and these strips were immersed 
in acetone overnight. Upon removal, they were allowed time to dry and 
then were placed in hot sulfuric acid for at least 2 hours. The strips were 
then passed through changes of distilled water until neutrality was ap- 
proached. It was found that sulfuric dichromate cleaning solution caused 
a lag period in the culture, suggesting that a toxic substance was absorbed 
and must be leeched out or masked with protein before active growth can 
take place. 

For use in 16150 mm. roller tubes, the 8-cm. strip was cut into 2- or 
l-cm. widths. The small piece was readily floated into position in the 
test tube and would adhere closely to the wall when the water was poured 
out. Care must be taken to use a chemically clean surface on which to 
cut the material and chemically clean instruments for handling it. We 
handled the cloth on a marble slab cleansed with acetone and wetted with 
distilled water. The strip was held down with a glass slide and cut with 
a razor blade or scalpel. 

Cu.turE METHOD 


In this laboratory we have followed closely the roller tube method of 
tissue culture of Gey and Gey (2) with the following exceptions: (1) 
Explants are small. The fragments as seeded measure no more than 
0.5 mm. in any direction; (2) we have compared embryo extracts prepared 
from beef, rabbit, and rat, using day-old rat heart tissue and have found 
rabbit to be at least as good (in our small series, slightly better) as the 
others and have continued to use this species as source; (3) the nutrient 
fluid was made up in the proportion of 55 percent Gey’s saline, 9 percent 
of 50 percent embryo extract, and 36 percent human cord serum; (4) 
before biweekly replenishment of nutrient, the culture tube was rinsed 
out with about 10 drops of Gey’s saline. 

In the work reported here, four tissue fragments were placed on a 
2X8 cm. cloth permitting possible growth of 1 cm. in any direction. It 
was found that 4 mm. represented the maximum radius which could be 
rapidly developed with the tissues used, and we are now using strips 1X8 
cm. wide to support the growth of six to eight colonies. The explants 
were placed in position with a curved pipette and the nutrient fluid added. 
If the nutrient is not permitted to flow across the explants, and if the tube 
is allowed to stand upright until the work is complete, the fragments are 
not washed out of position. 
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GrowTH MEASUREMENT 


(1) By areal description. The average distance from the periphery of 
the explant to the edge of the new growth was estimated in terms of 
diameters of the microscope field. Using 10Xoculars and 16 mm., 
N. A. 0.30 objective, this equaled 1.34mm. The nature of the new growth 
was classified and given a numerical value as follows: 


This value was multiplied by the average radius of new growth and the 
resultant figure used as the expression of areal growth. 

(2) By nitrogen determination. Using a Freer’s tenaculum, the cloths 
were removed from the tubes and rinsed in nine changes of 0.85 saline 
(made neutral with NaHCO) over a period of at least 2 hours. Each 
cloth was analyzed for nitrogen as follows: 

Nitrogen method.—It was originally planned to use the direct Nessleri- 
zation micro-Kjeldahl procedure of Wong (3) for the determination of 
the total nitrogen content of the tissue-bearing glass cloth. This method 
is usually recommended when protein is present, because the oxidation of 
the protein by persulfate proceeds so smoothly. In trial runs, however, 
it was found that during digestion enough silicic acid is dissolved from the 
glass cloth to completely precipitate the Nessler color complex, even when 
the nitrogen content is as low as 0.01 mg. To obviate this difficulty the 
ammonia after digestion was removed by distillation after alkalinizing 
the solution with 40 percent NaOH and entrained in 2 cc. N/10 HCl. 
The presence of the glass cloth, which disintegrates to a large extent 
during the process of digestion and distillation, increased the hazard of 
bumping, and to overcome this difficulty a still head was imposed between 
the 50-cce. Folin N. P. N. tube used for digestion and a bent 10-cc. volu- 
metric pipette which served as condenser. The distillate was caught in 
a 50-cc. tube immersed in an ice bath. In digestion the glass cloth will 
not be immersed completely beneath the surface of the 1 cc. sulfuric acid 
(1 part to 1 part H,O) and may through the process of bumping become 
attached to the side of the tube, so that it is necessary that the condensate 
wash the nitrogenous products into the digestion mixture. As digestion 
proceeded, and the fumes reached the cloth, evidence of disintegration 
presented itself in the darkening of the cloth. After 4 minutes digestion, 
the flame was removed for 1 minute, and 10 drops persulfate solution were 
added. Digestion was then continued and more persulfate added if the 
sulfuric acid was not decolorized or the cloth showed evidence of organic 
material remaining. It might be necessary to repeat the process 3 times. 
If the nitrogen content is too high (over 0.4 mg.) and more than 40 drops 
of persulfate are required to decolorize, the procedure cannot be used. It 
is very important that the persulfate added to the blank and standard be 
subjected to heating in the sulfuric acid solution to decompose the hydro- 
gen peroxide which would oxidize the ammonia to nitrogen to some extent 
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during distillation from sodium hydroxide.* After acid digestion, the 
contents are diluted with water and cooled before adding the sodium 
hydroxide. 

In our experiments the blank was 0.008 mg. or less. The recoveries of 
processed standards compared to standards added to processed blanks 
were: 98, 96, 102, 99, and 99 percent. Of 118 determinations, 3 were 
lost because of bumping.‘ 


RESULTS 


Insoluble protein appears to form on the cloth of both experimental 
cultures and blank control cultures within the first hour. Nitrogen values 
have been determined on 60 blank control tubes in 4 different experi- 
ments. The tubes were permitted to roll in the incubator for periods of 
1 hour, 1, 2, and 3 weeks before sacrifice. The results of analyses on these 
preparations appear in text-figure 1 as a scattergram with curves from the 
means of each period. 
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TextT-FicuRE 1.—Nitrogen recovery from control blanks of the heavy (No. 108) and 
light (No. 106) glass cloth incubated in roller tubes with nutrient for various inter- 
vals of time. 


Tissue growth on number 106 cloth is illustrated in¥text-figure 2. 
Measurement by areal description in general parallels that by analysis 
for nitrogen excepting only the first few days. The method of areal 
description is deceiving, as might be anticipated. The early growth, 
while somewhat extensive geographically, is commonly known to involve 
relatively few cells, and the nitrogen assays indicate that it is not until 

after the eighth day that an appreciable mass of protein develops. 
3 This is not generally realized or described in micro-Kjeldahl procedures. We have shown by experiment that 


undecomposed persulfate may introduce an error of 0.05 mg. 
4 The analyst should be protected by a screen or wear goggles. 
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Two experiments were set up to test the amount of tissue that would 
be developed on number 106 and number 108 cloths. The difference was 
not statistically significant, and we, therefore, continue to use the lighter 
cloth because of the better opportunity for observation. 

Two experiments were conducted to determine if pre-rolling the tubes 
with nutrient several days before tissue was explanted to them would 
increase the rate or mass of growth of the explant. Again, the difference 
between the two methods was not statistically significant. 
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TEXT-FIGURE 2.—Nitrogen values of control blanks and of rat heart cultures on glass 
cloth No. 106. Areal descriptions of the same rat heart cultures and of a chick 
heart series on No. 106, 


DISCUSSION 


The remarkable features of this method of culture seemed to us to be: 
(1) The short lag period (24 hours) as measured by areal description before 
a steady rate of growth was set up (pl. 8-10, fig. 1); (2) the straight line 
areal increase for a period of 3 weeks following the first day; (3) the clarity 
of the cytoplasm of the cells in culture (pl. 11-12, fig. 2), the accumulation 
of brown granules and the vacuolation often seen in the plasma clot culture 
were usually lacking throughout this growth period; (4) nitrogen analyses 
of blanks have established that within the first hour deposition of organic 
nitrogen, probably as a protein film, covers the glass fibers. 

To date, subculture of tissue from glass cloth to glass cloth has usually 
been unsuccessful. Fischer (4) suggests that the total growth of an in- 
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dividual culture is determined or limited by the physical stress set up within 
the culture. If an old plasma clot culture is cut, retraction takes place. 
Rejuvenated, clear cells appear and completely fill in the space. Thus, 
all tissue culture might be considered as wound healing. It is conceivable 
that the rigidity of the glass cloth substrate prevents retraction of the 
tissue of the subculture and thus one of the conditions necessary to new 
growth, i. e., change in stress, is lacking. 

Successful transfers have, however, been made from glass cloth to glass 
cloth. The old cloth was removed to a Petri dish with a Freer’s tenaculum. 
The colony was lacerated lightly several times with a scalpel. With two 
scalpels, the colony was bisected cleanly, and then the portion of cloth 
containing a half colony was cut out and lifted into position in a new tube. 
The new cloth was wet with nutrient and the balance of nutrient added 
by flowing it down the bare wall side of the tube. The tube was kept 
upright for an hour. Growth under these circumstances has been very 
slow in developing, but it is of interest that new healthy growth may be 
found on the new cloth as much as 7 weeks later. 

Attempts to apply the method to 200 X 25 mm. test tubes with cloths 
6% X 14 cm. have thus far failed. The hundredfold increase in potential 
area is tempting. It is possible that the relationship of surface area to 
volume of liquid has not been optimum. 

In order that nitrogen values have significance as to growth measure- 
ment, it appears that the unused portion of the cloth should be kept at 
a minimum. We have found that a nitrogen-containing material accu- 
mulates on the cloth rolled with nutrient and that it is demonstrable within 
an hour although the cloth was rinsed in 10 changes of physiologically 
normal saline (pH 7) for a minimum of 2 hours (text-fig. 1). The deposit 
stains with either hemotoxylin or eosin, demonstrating an amphoteric 
material which is probably protein in nature. The smaller this blank or 
control value, the more significant will be the nitrogen values of the tissue 
tubes, as a measure of tissue growth. 

Using artificial media as described by Fischer et al. (5), we are hopeful 
that control blanks may show little or no protein accumulation, thus giving 
full significance to the values found for the tissue-containing cloths. 

It is quite possible that the success of the growth of the transplant upon 
the glass cloth depends upon the deposit of a protein layer. While glass, 
therefore, does not solve the problems of growing cells free of contaminating 
adsorbates, it may contribute to the knowledge of one of the requisites 
essential to tissue culture. 


SUMMARY 


A method for the culture of mammalian tissue on a substrate of cloth 
woven of glass fiber is described. 

It was found that the usual nutrient material begins the accumulation 
of insoluble protein on control blanks within the first hour of exposure. 

The growth of heart fibroblast explants on this substrate was measured 
by areal description and by analysis for nitrogen. 
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Figure 1.—A, Heart tissue from day-old rat 24 hours after explantation to No. 106 
glass cloth in roller tube. X 100. 
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Ficure 1.—B, Heart tissue from 2-day-old chick 3 days after explantation to glass 
cloth in roller tube. 100. 
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Figure 1.—C, Same field as Figure 1, Bat 5 days. 100. 
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PLATE 11 
Ficure 2.——A, Heart tissue from day-old rat 8 days after explantation. 
Hematoxylin-eosin stain. 400. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 10 PLATE 11 


¢ 
: 
4 
ty 
>» 


J 


PLATE 12 


Figure 2.—B, Heart tissue from day-old rat 8 days after explantation. 
Hematoxylin-eosin stain. 400. 
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LACTONASE AND C-ACYLASE ACTIVITY 
OF HEPATOMA ! 


By Atton MEISTER, senior assistant surgeon, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Bethesda, Md. 


Polyketo acids have frequently been suggested as intermediates in 
the oxidation of fatty acids (1-4). In support of this possibility, it was 
found in a previous investigation (5) that rat liver and kidney homo- 
genates metabolize 3,5-diketohexanoic acid to yield acetic and acetoacetic 
acids. The 6-lactone of 3,5-diketohexanoic acid is also metabolized by 
rat liver and kidney (5, 6) and by cat liver (7). The degradation of the 
lactone involves two consecutive enzymatic processes: (1) Opening of 
the lactone ring to yield free 3,5-diketohexanoic acid, and (2) hydrolysis 
of the free diketo acid yielding acetic and acetoacetic acids. The latter 
reaction, which was independently established by Witter and Stotz (8), 
involves hydrolysis of a C-acyl group and is analogous to the hydrolysis 
of 2,4-diketo acids (9). Although the evidence supporting §-oxidation is 
rather conclusive, the possibility of a,y-oxidation as an alternative path- 
way of fatty acid breakdown has not yet been ruled out, and in this con- 
nection the fact that a wide variety of 2,4-diketo acids are metabolized 
rapidly by liver and kidney to yield pyruvic and fatty acids is of interest. 
The enzyme system hydrolyzing 2,4-diketo acids (acylpyruvase) is mark- 
edly reduced in activity in mouse and rat hepatomas (10). It was of 
interest, therefore, to determine the activity of hepatoma toward a poly- 
keto acid with keto groups in the 3 and 5 positions. The present report 
deals with the hydrolysis of the 6-lactone of 3,5-diketohexanoic acid and 
free 3,5-diketohexanoic acid by homogenates of primary rat hepatoma 
and three transplanted mouse hepatomas. 


EXPERIMENTAL PROCEDURE 


Dehydroacetic acid and the é-lactone of 3,5-diketohexanoic acid were 
prepared as described by Collie (11). Ethyl 3,5-diketohexanoate, pre- 
pared according to Sproxton (12), was saponified before use. Primary 
rat hepatomas induced by feeding p-dimethylaminoazobenzene were 
supplied by Dr. J. White. Transplanted mouse hepatomas induced with 
azotoluene (Andervont), with chloroform (Eschenbrenner Hepatoma 
112 B), and a transplanted spontaneous tumor (Hepatoma 98/15), were 
employed. 

1 Received for publication December 21, 1948. 
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The animals were killed by decapitation followed by exsanguination 
and the fresh tissues ground with 1% volumes of cold water in the Potter- 
Elvehjem homogenizer. Hydrolysis of the lactone and of the free diketo 
acid was followed by an ultraviolet absorption technique. The enzymatic 
assays were carried out at the pH optima for the two enzymatic activities, 
i. e., 6.0 for the lactone and 7.4 for the free acid. The homogenates were 
incubated with an equal volume of 0.025M substrate in 0.13M phosphate 
buffer at 37°. Aliquots were removed at various intervals, treated with 
3 percent perchloric acid, and filtered. The deproteinized samples were 
diluted with sodium hydroxide or hydrochloric acid and read against a 
homogenate blank in the Beckman Model D. U. spectrophotometer. 
The details of this procedure were described previously (5). Density 
values are designated as D™ or D*™ for the samples diluted with alkali 
and acid, respectively, and subscripts are used to denote wavelength in 
millimicrons. 

The diketo acid exhibits an ultraviolet absorption maximum at 295 my 
in alkali while the lactone has maxima at 285 and 275 my in acid and alkali, 
respectively. The rate of hydrolysis of 3,5-diketohexanoic acid was 
determined from the rate of decrease of D=X. The activity values are 
expressed as micromoles of diketo acid metabolized per milligram of tissue 
nitrogen per hour. Lactonase activity was calculated from the decrease 
in D3’. However, since the free diketo acid absorbs to some extent at 
this wavelength in acid, the observed D*{3 must be corrected by sub- 
tracting the absorption due to the free diketo acid. The concentration 
of 3,5-diketohexanoic acid may be obtained by determining the acetylace- 
tone found after acid distillation of the sample as described previously 
(5), or, as employed in the present experiments, by calculation from the 
absorption at 305 my in alkali. The absorption of the lactone in alkali at 
305 my is very small compared with that of the diketo acid and for the pres- 
ent purposes may be neglected. The corrected D3 values were, there- 
fore, obtained from the following equation, where 18,600 is the molar 


extinction coefficient of the diketo acid at 305 my in alkali and 2,580 the 
coefficient at 285 my in acid: 


Ds 

(observed) —2,580 18,600 (corrected). 
Employing the corrected D*%j values, lactonase activity was found to 
follow a first order reaction (text-fig. 1), and activity is, therefore, 
expressed in terms of the rate constant, k, obtained from the equation 


K=t log Toe where x represents the percent substrate metabolized 
and t is expressed in minutes. 
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TEXxT-FIGURE 1.—Lactonase activity of normal rat liver (open circles) and of primary 


rat hepatoma (closed circles). o=[1 100 | [ 100 } 
Incubated at pH 6. =L'°8 100—x mg. N per ce. 
RESULTS 


The changes in the absorption in alkali of the lactone when incubated 
with homogenates of rat liver and primary rat hepatoma at pH 5.5 are 
given in text-figure 2. With both primary hepatoma and liver the ab- 
sorption in acid decreased progressively at all wavelengths with a maxi- 
mum at 285 mu. In alkali, however, the absorption maximum shifted to 
the longer wavelengths as the lactone was converted to the free diketo 
acid which has an absorption maximum at 295 my. When the lactone is 
incubated with normal rat liver at pH 5.5, the free diketo acid accumu- 
lates since it is formed more rapidly than it is removed (Cf. 5,6). In the 
experiment on hepatoma, on the other hand, the smaller shift in the 
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absorption maximum suggests that the ratio of diketo acid destruction 
to its formation is greater than in normal liver. This interpretation of 
these results was supported by determinations of the relative rates of 
hydrolysis of the lactone and of the free diketo acid by liver and primary 
hepatoma. The lactonase activity of normal rat liver is approximately 
five times greater than that of rat hepatoma (text-fig. 1; table 1). This 
difference is about ninefold when calculated on a fresh tissue weight basis, 


HEPATOMA LIVER 
T 41.2 
41.0 
so 48 
\i20' 44 
44 
T 4.2 


. 250 260 270 280 290 300 3/10 250 260 270 280 290 300 310 
MILLIMICRONS 


TEXT-FIGURE 2.—Changes in absorption of 3,5-diketohexanoic acid lactone incubated 
with homogenates of primary rat hepatoma and normal rat liver at pH 5.5. Ab- 
sorption was determined in 0.1N sodium hydroxide. 


TaBLE 1.—Lactonase activity of hepatoma and normal liver } 


—— Number of Range Mean 
5 216-291 251 
5 143-256 191 
Hepatoma (azotoluene-induced)__-___.__.._____-- 6 170-238 209 
8 900-1250 1130 


1 Values expressed as kX108/mg.N per cc. homogenate. Incubated at pH 6. 


The lactonase activity of normal mouse liver is about 20 percent 
of that of normal rat liver. There are no significant differences between 
the lactonase values for the normal and neoplastic mouse tissues studied. 
In contrast to the species difference in lactonase activity, the rates of 
hydrolysis of the free diketo acid are approximately the same for normal 
liver of the mouse and rat. As indicated in table 2, the hepatomas possess 
30 to 40 percent of the activity of normal liver. 

None of the tissues examined was found to metabolize dehydroacetic 
acid. The latter experiments were carried out under conditions similar 
to those employed for the 6-lactone of 3,5-diketohexanoic acid. The 
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ultraviolet absorption curves of this lactone in alkali (max. at 290 my) and 
in acid (max. at 305 my) were unchanged after incubation for 2 hours 
with homogenates of the normal and neoplastic tissues. 


TaBLE 2.—Hydrolysis of 3,5-diketohexanoic acid by hepatoma and normal liver } 


Tissue a Range Mean 
9 | 2.51 -3. 14 2. 79 
5 | .76 -1.04 905 
Hepatoma (azotoluene-induced) 5 | .93 -1. 36 
6 | 2.42 -3. 10 2. 64 
6 | . 765-1. 05 . 970 


1 Data obtained with 1 cc. of hom ae and 1 cc. of 0.025M substrate incubated for 15 to 60 Teg at pH 7.4. 
Values expressed as micromoles of diketo acid metabolized per mg. homogenate nitrogen per h 


DISCUSSION 


The possibility that 2,4- and 3,5-diketo acids are hydrolyzed by the 
same enzyme system must be considered since both of these reactions 
involve splitting of a C-acyl group. This suggestion is compatible with 
the finding that both C-acylase activities were found to be lower in 
hepatoma than in normal liver. However, further study of the possible 
identity of these two C-acylases is necessary.? Although the values for 
lactonase activity of rat and mouse liver were considerably different, 
all of the tumors, whether derived from rat or mouse, possessed about the 
same lactonase activity. The latter finding is consistent with the observed 
tendency of tumors to converge, enzymatically, to a common type of 
tissue (13). 


SUMMARY 


The hydrolysis of 3,5-diketohexanoic acid lactone and free 3,5-diketo- 
hexanoic acid by homogenates of primary rat hepatoma, normal rat liver, 
three transplanted mouse hepatomas, and normal mouse liver was in- 
vestigated. The tumors hydrolyzed the free diketo acid at rates which 
were 30 to 40 percent of those for normal liver. The lactonase activity 
of primary rat hepatoma was about 18 percent of normal rat liver. Normal 
mouse liver, the transplanted mouse hepatomas, and primary rat hepatoma 
exhibited approximately the same lactonase activity. None of the 
neoplastic or normal tissues examined metabolized dehydroacetic acid. 
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A MATERNAL INFLUENCE ON THE 
GROWTH RATE OF A TRANSPLANTABLE 
TUMOR IN HYBRID MICE!?? 


By Morais K. Barrett and WALTER C. Moreau, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Bethesda, Md. 


INTRODUCTION 


Transplantable tumors in mice have been a fertile field for investigation 
of themselves but they are perhaps of even wider interest because they 
are so commonly used as a substrate for all sorts of cancer investigations, 
which may not be primarily concerned with transplantable tumors as 
such. For the latter reason, if not for the former, any controllable 
factor which materially alters the growth of a transplantable tumor is of 
fundamental importance in cancer research. The following report con- 
cerns such a factor. 

Much study has been devoted to the forces which are brought into 
play when a tumor graft is introduced into a new host. For the most 
part, these studies have been focused upon the take, or failure to take, 
of the graft and whether the resulting tumor grew progressively or re- 
gressed—observations which are in contrast to but not in conflict with 
the observations reported herein which concern the growth-rate of a 
tumor. 

That the result of transplantation of tumors is influenced in large 
measure by the genetic relationship of the materials used has been long 
established and widely accepted. The work which established this doc- 
trine, begun by Loeb and extended by Tyzzer, Little, Strong, Bittner, 
and others, has been summarized by Bittner (/, 2) and Little (3). 
References to the early literature can be found in their reviews. 

Law reported (4, 5) that foster nursing influenced the outcome of the 
inoculation of transplantable lymphoid leukemia and reviewed earlier 
related work. He observed that when mice of a refractory strain or 
subline were foster nursed by susceptible mothers, the percentage of 
successful inoculations was increased. The converse was not true. 
Kemp (6) briefly mentioned in a recent report that workers in his labo- 
ratory had (like Law) observed an increased susceptibility to transplantable 
leukemia in resistant animals foster nursed on susceptible mothers and 
(unlike Law) observed a decreased susceptibility in the converse situa- 

! Received for publication January 27, 1949, 
1 Read before the American Association for Cancer Research, Detroit, April 16 and 17, 1949. 
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tion; but no supporting data or references were included in Kemp’s report. 
He also stated that in their studies of transplantable leukemia no differ- 
ence in frequency of takes was observed in reciprocal hybrids between 
resistant and susceptible strains. There is a seeming, but not absolute, 
incompatibility between these two statements, since insofar as influences 
transmitted in the milk are concerned, reciprocal hybrids and fostered 
animals are the same. However, the paradox may be more apparent 
than real, because the genetic backgrounds are not the same. Perhaps, 
due to the brevity of his report, Kemp omitted information which would 
clarify these matters. There are several gaps in our knowledge of this 
field which make judgment difficult or impossible. 

Cloudman (7) reported preliminary data which suggested that an extra- 
chromosomal influence affecting susceptibility to engraftment of a 
fibrosarcoma and a melanoma (S91) could be detected in the descendants 
of mice derived from transferred ova (8). Some factor transmitted in 
utero or during nursing tended to increase the receptivity of mice toward 
a graft of a tumor genetically related to the foster mother. Cloudman 
also gave data for a very small number of foster-nursed mice which exhib- 
ited an effect similar to the above when tested with the same tumors. 
It would be desirable to have further light on these interesting findings 
since elsewhere similar results have been attained only with leukemias, 
and, in relation to spontaneous tumors, an extra-chromosomal influence 
has been reported only in mammary cancer and leukemia. 

Law, in a later communication (9), reported an extension of his earlier 
work which included tests involving 14 different tumors, not all leukemoid. 
In this work he again observed a transference of a “susceptibility in- 
fluence” by foster nursing of mice which received a subsequent inoculation 
of leukemic cells, but when either of 2 fibrosarcomas, a melanoma (S91. 
Note apparent contrast with Cloudman’s results although details were 
not given.) or a mammary carcinoma, was the source of the inoculum, 
no transference of susceptibility by foster nursing was observed. 

Recently, Bittner (10) reported results obtained by transplanting 
mammary carcinomas arising in mice of certain pure strains and their 
hybrids into hosts of similar and dissimilar genetic origin to that of the 
tumor. His experiments were diverse and also involved the presence 
or absence of the mammary tumor milk agent. He concluded that “the 
growth of mammary cancer in mice, as determined by its transplantability 
is dependent upon the genetic relationship of the host and the tumor cell 
and not the mammary tumor milk agent.” 

It must be emphasized that in all the work cited above the criterion 
upon which conclusions were based was the relative success of inocula- 
tions of tumor grafts, in other words, the percentage of takes. In the 
work reported here, observations were made on the growth-rate of a tumor 
which is transplantable to all the animals used and grows progressively 
in all. 
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MATERIALS AND METHODS 


The mice used as hosts in these experiments were all reciprocal F, 
hybrids between the inbred strains C3H and C (B albC) (11) maintained 
at the National Cancer Institute. Strain C3H has a high incidence of 
spontaneous mammary tumors and is a potent transmissor of the milk 
agent; strain C has a low incidence of mammary tumors and is presum- 
ably agent-free. Young hosts were employed throughout the experi- 
ments; in each experiment animals of similar age were used, but between 
experiments there was a variation in age of the hosts at the time of in- 
oculation of from 5 to 14 weeks. Both males and females were used as 
hosts; in some experiments sexes were equally distributed between groups, 
in others all of one sex was used in a single experiment. All animals 
were kept in small groups in wire bottom cages and received a diet of 
Purina Laboratory Chow and water ad libitum. 

The tumor employed is a transplantable mammary adenocarcinoma 
referred to in these laboratories as C3HBA. It originated by trans- 
plantation from a spontaneous mammary cancer in a C3H female ob- 
tained from Dr. H. B. Andervont of the National Cancer Institute and has 
been maintained by the senior author through 52 transplant generations 
in C3H hosts. To date, transplantation of this tumor has been uniformly 
successful in inbred strain C3H mice, but it does not grow in the several 
other inbred strains tried. In the strain of origin and the hybrids used 
here, it grows rapidly and kills quickly. Metastases have been observed 
in C3H hosts. Presumably the tumor contains the milk agent, but this 
has not been tested as yet. The original tumor has been diagnosed as a 
typical murine mammary tumor (adenocarcinoma), predominantly of 
small acinous structure. Sections of the transplanted tumors reproduce 
rather closely the structure of the original tumor. The tumor and trans- 
plants are remarkable for the small amount of cyst formation, hemorrhage, 
and necrosis when compared with other mammary tumors. 

Transplantation was accomplished by utilizing a tissue press to prepare 
a brei of healthy tumor tissue, diluting the brei with an equal quantity of 
physiological saline and injecting 0.025 cc. of the mixture subcutaneously 
into the flank region of the hosts by means of a tuberculin syringe and 22- 
gauge needle. The usual aseptic precautions were used throughout. In 
the earlier experiments the inoculum was 0.05 cc. It was thought possible 
that the number of premature deaths might be reduced if the volume of 
inoculum was reduced, and this was done. The change in dosage did not 
reduce the number of early deaths, change the relative distribution of 
tumor weights, nor reduce the average size of the resulting tumors, as 
can be seen by an inspection of text-figure 1. 

In the first experiment of each series, the source of the tumor tissue was 
a transplant growing in a C3H mouse—a different one in each case. In 
the subsequent experiments of each series, the tumors were transferred 
serially from one hybrid to another hybrid, always keeping in the same 
maternal line. To satisfy any possible curiosity on the part of the reader 
as to why such an odd arrangement as that just described was used, it 
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WEIGHT OF INDIVIDUAL TUMORS IN RECIPROCAL HYBRID MICE 


12 T T T T T i e T T T 
Tumor in C3H XC 
© Tumor in C XC3H 
—— Meon weight of Tumors in C3H XC 
10} = == weight of Tumors in C C3H 
” 
= 
© 
5 
4 
“a 
of 
° = Ye 
Exp. | 2 #4 §& 2 5 4 § 


Ist SERIES 2nd SERIES 


TextT-FicuRE 1.—Distribution of the individual weights of tumors after 3 weeks’ 
growth. Difference between the hybrid host is indicated by solid or open dots. 
Mean weight of tumors is indicated by curves. 


might be well to mention that the phenomenon reported in this paper was 
observed fortuitously during the progress of experiments designed for 
another purpose and will soon be reported in a separate paper. 

The tumors were measured at the end of the first and second week of 
growth, and at the third week they were dissected free from normal tissues 
and weighed individually. 

RESULTS 


In all, 186 mice were inoculated; of that number 149 survived the 3- 
weeks’ growth period. At first glance this does not appear to be a large 
number, but statistical analysis shows it to be quite adequate. The cause 
of death in those animals that were lost prematurely was, in most cases, 
the tumor; it has been observed previously that this tumor will kill a 
few animals in less than 3 weeks. One might inquire whether this biased 
the data by eliminating from 1 series of tumors the most rapidly growing 
ones. Careful inspection of the data failed to reveal such abias. Further- 
more, that experiment in which the greatest weight differential was ob- 
served was one in which no premature death occurred. In 2 experiments, 
few animals were lost because of intercurrent disease (diarrhea and 
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pneumonia). These infections tended to lower the average weight 
attained by the tumors, but it did not alter the relative distribution of the 
heavier tumors. In our opinion, this strengthens the data since it in- 
dicates that the maternal influence reported can be observed even in the 
presence of an infection that affects the absolute weight of the tumors. 
Several methods of presenting the data were tried. By all methods it 
was apparent that the tumors were heavier in those hybrids derived from 
the C3H maternal stock than in the reciprocal hybrids. Three methods of 
examining the data will suffice here and are presented below. 

The weights of individual tumors at 3 weeks are indicated by the dots 
in text-figure 1. It is obvious that in each column, representing a single 
experiment, the black dots (tumors grown in C3H female X C male hy- 
brids) represent a heavier group of tumors than do the open circles (tumors 
grown in C female X C3H male hybrids). The same statement can be 
made of the distribution of each series taken as a whole or of both series 
taken together. A tabulation of the weights of the tumors is not given 
(although they can be read approximately from the chart), because it is 
the relative distribution and not the specific weight that is significant. 
The average weight of the tumors in each class is indicated on the chart 
by the curves drawn thereon. 

The same relative distribution was evident when the product of biaxial 
measurements (a useful approximation to tumor cross section) taken 
after 2 weeks’ growth was charted. 

Analysis of the data with respect to the age of the host shows that the 
phenomenon is not due to age, within the relatively small age variation 
present in the animals used. 

Sex of the host (which might be suspected to be an influence in such 
experiments as these) does not account for the results (within the statis- 
tical limitation of these experiments). Without going into the details of 
the data, the lack of a critical sex influence can be seen in the first and 
last columns of text-figure 1. In the first column both the black dots 
and the open circles represent tumors growing in equally distributed males 
and females; in the last column, the tumors were all in males. 

The histogram shown in text-figure 2 is constructed by aggregating the 
individual tumors into weight-classes with a 2-gm. class interval. This 
chart shows in a very striking way that for each series and for the combined 
data the mode for the tumors grown in the hybrids of the C3H maternal 
line lies in a heavier weight class than does the mode for the reciprocal 
tumors. 

In order to avoid a burdensome array of numbers that would not be 
helpful in understanding the phenomenon under discussion, the statistical 
table has been reduced to the three columns that are most important; 
they are presented in table 1, which should be self-explanatory. It may 
be observed that, with respect to the cumulative data, the value for p is 
well outside the usual tables, and the probability that these results could 
have been obtained by chance is very low. It may be added that since 
the data from which the charts were prepared was collected, we have 
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WEIGHT OF TUMOR AT 3 WEEKS IN RECIPROCAL HYBRID MICE 
NUMBER OF TUMORS IN EACH WEIGHT CATEGORY 


1ST SERIES 


20 20 TUMORS IN CX C3H 
ad Y 
10 10 Z TUMORS IN C,H XC 


O-2 2-4 4-6 6-8 78 


NUMBER OF TUMORS 


10 


VY 
VY 
Y 
Gam 7 
Gam 


Gi 


OOOO 


0-2 2-4 4-6 6-8 >8 O-2 2-4) «64-668 >8 
GRAMS GRAMS 
TEXT-FIGURE 2.—Histogram showing tumor weights grouped into weight classes with 


a 2-gm. class interval. Difference between hybrid hosts is indicated by solid and 
cross-hatched areas. 


completed the first experiment in series 3 with confirmation of the relative 
distribution and very nearly the same absolute results as in series 2, exper- 
iment 4, except that there were a few more tumors in the former than in 
the latter. This last experiment also settles any question as to the 
possibility that the differences observed were dependent upon the fact 


TaBLE 1.—Statistical analysis of the data arranged by single experiment and 
combined series 


My Probability that 
ors in C3H dard 

Hybrid mice “maternal line "the diference | 1s due 

pared to 
C maternal line 
FIRST SERIES 
Grams 
+3. 91 +0.55 | <0. 001 
+1. 61 +. 67 . 05 -0. 02 
+. 80 +. 89 40 .30 
+.15 +1.15 . 90 . 80 
+2. 74 +. 83 .02 - .01 
+2. 07 +.42}) <.001 
SECOND SERIES 

+1. 16 +1. 40 . 50 - . 40 
+2. 82 +. 97 .02 - .01 
+1. 93 +. 90 05 .02 
+2. 56 +.77 .01 - . 001 
+3. 67 +.71| <. 001 
+2. 56 +.56| <. 001 
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that tumors were being serially transferred in hybrid hosts since there 
are now data for three independent first generations in hybrids. 


DISCUSSION 


The wide variation in the weight of individual tumors which is so 
strikingly seen in text-figure 1 will not surprise anyone who is accustomed 
to observing the growth of transplantable tumors. This is an almost 
constant feature of such tumors and one which makes the seasoned worker 
very chary about basing conclusions on variations in the size of tumors. 
It appears in the light of present knowledge that a host of factors, probably 
more unknown than known, may influence the growth of a tumor. One 
such factor, i. e., intercurrent infection, was accidently intercalated in 
these experiments, as noted above. However, we believe that we are on 
safe ground when basing conclusions upon a constant shift in distribution 
of the weight of tumors, such as was seen in this work, rather than upon 
absolute values. The point which must be emphasized is that in 11 experi- 
ments (including series 3, experiment 1) the average weight of the tumors 
in one class of hybrids has always varied from that in the other class in a 
constant direction (see table 1). In every experiment the heaviest tumor 
was in one class and the lightest (except for 1 individual case) was in the 
other. This was true when the tumors as a group were either large or 
small, regardless of the sex of the host, the age of the host (between wean- 
lings and adults), the presence of intercurrent infection, whether the 
donor of the graft was a C3H mouse or a hybrid, and throughout annual 
variations in laboratory conditions. Of course, there are certain statis- 
tical limitations for these last statements which are recognized by the 
authors. 

Within the limits of these experiments, and allowing for that fallibility 
which always seems to lurk in the background of experiments on tumor 
growth, it appears to be safe to conclude that a maternal influence upon 
the growth of this tumor in these hybrids has been demonstrated. Whether 
the same phenomenon would be observed in the case of other tumors and 
other animals cannot be predicted, but, having seen the influence so 
clearly here, we would be unwilling to disregard the possibility that it 
might operate in any tumor growing in hybrid animals (or genetically 
heterogeneous animals) unless proper control measures had been taken 
or such an influence had been clearly ruled out. If future work shows 
that the effect seen here was due to a milk agent, then the application of 
this principle would be narrower, but for the present it appears wise to 
keep this influence in mind when conducting an experiment of any nature 
in which the rate of growth of a tumor might affect the result. Such 
changes in growth rate quite possibly reflect changes in tumor metabolism 
and general physiology which may be both profound and complex. 

The nature of the influence which has been demonstrated in these 
experiments cannot be determined at this moment. There is great 
temptation to conclude that the effect is produced by a milk agent since 
such an agent is known to be present in C3H mice and presumed to be 
absent in strain C. On the other hand, there are reasons why it would 
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be unsafe to jump to such a conclusion at present; one of the best of these 
is that in the tenth experiment of series 2 (which is being continued for 
reasons aside from this communication) measurements of the tumors after 
2 weeks’ growth indicate that the average size of those growing in the 
C3H xX CF, hybrids is 1.4 times as large as those in the reciprocals, a 
ratio which is exactly equal to that between corresponding weights in 
series 1, experiment 2, and in series 2, experiment 2. 

It is possible that the maternal influence observed in this work is 
explainable in whole or in part as a milk influence, but to rationalize all 
the facts presented on that basis would necessitate the employment of 
presumptions and entail difficulties that would be better resolved by 
experiment. The first of such experiments is under way. 


SUMMARY 


A transplantable mammary carcinoma which originated in a C3H 
mouse was inoculated into F, hybrid mice derived from reciprocal crosses 
between strain C3H and strain C. The tumor grew progressively in all 
mice, but a difference in the rate of growth was observed that depended 
upon which strain was the maternal line of the hybrids and which the 
paternal. In all of 11 experiments, the average weight attained by the 
tumors in 3 weeks was greater in tumors growing in hybrids of the C3H 
maternal line. Under the conditions of these experiments, the maternal 
influence noted was independent of the sex and age of the hosts, the 
absolute size of the tumors, the presence of intercurrent disease, the donor 
of the graft (whether inbred or hybrid), and annual variations in labo- 
ratory conditions. The nature of the factor or factors which account for 
this maternal influence was not disclosed by these experiments. 
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THE HISTAMINE CONTENT OF SOME 
EXPERIMENTAL TUMORS! 


By Sanrorp M. RosentTHat, Experimental Biology and 
Medicine Institute, National Institutes of Health, Public 
Health Service, Bethesda, Md. 


Little information exists on the histamine content of tumor tissues. 
Bloomer and Lindskog (1) have recently reported that human pulmonary 
tumors (carcinomas) contain less histamine than the surrounding tissues. 

Studies were carried out on a variety of animal tumors available at the 
National Cancer Institute.? The histamine content was measured by a 
colorimetric method (2). Our experience indicates that this procedure is 
specific for histamine and its conjugate; in a few of these experiments 
parallel determinations were carried out with the bioassay method upon 
guinea pig ileum and also with a highly purified histaminase preparation.* 
Satisfactory agreement with the colorimetric method was obtained. 
Some of the determinations were carried out directly upon 10-percent 
trichloroacetic extracts of the tumors. In other experiments, the method 
of extraction was modified to avoid the use of trichloroacetic acid, which 
must be completely removed before purification of the extract can be 
accomplished by the use of cotton acid succinate pads (2, 3). 

The modified extraction was carried out as follows: The tumor tissue 
was ground in a mortar with acid-washed sand and four volumes of N/1 
sulfuric acid; this was filtered, and a measured volume of the filtrate was 
cooled in ice and neutralized with 5N sodium hydroxide. It was then 
centrifuged, and 4.5 ec. of the supernatant fluid was employed for the 
procedure of butanol extraction and cotton acid succinate (CAS) purifica- 
tion previously described for the estimation of free histamine. With 
several parallel determinations, the results obtained upon the purified 
extracts were 10 to 40 percent higher than those upon trichloroacetic 
extracts, presumably due to an inhibitor present in the latter. 

The tissues were examined within a few minutes after autopsy. Care 
was taken to avoid necrotic tissue, and many determinations were made 
by using several small nodules. The material is believed to be free from 
bacterial infection. 


1 Received for publication March 1, 1949. 

1 The author is indebted to Dr. H. P. Morris, Dr. W. E. Heston, and other members of the National Cancer 
Institute for their cooperation in this study. 

+ Prepared by Dr. H. Tabor. (To be published.) 
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RESULTS 


In three transplantable rat tumors morphologically resembling sarcoma, 
values of 6.6 to 52 gamma of histamine per gram of tissue were found. In 
two of them, results were obtained upon several generations of transplant 
and upon both the primary transplant and metastatic material. Two of 
these tumors, N-acetyl-2-aminofluorene No. 1643 and the butter yellow 
(p-dimethylaminoazobenzene) sarcoma, were originally classed as carci- 
noma but had changed morphologically upon repeated transplantation (4). 

Determinations were made upon several transplants of a N-acetyl-2- 
aminofluorene tumor, No. 2226, that had retained its characteristics of 
carcinoma (4). This tumor was produced simultaneously with, and carried 
in the same strain of rats as, No. 1643. Likewise, determinations were 
made upon two primary butter yellow (p-dimethylaminoazobenzene) 
tumors classed as carcinoma. One butter yellow tumor contained 3 mg. 
of histamine per gram; the other rat carcinomas contained no histamine 
detectable by the method (less than 0.5 to 1 gamma per gram). 

In the mouse, two generations of a transplanted sarcoma yielded 2 and 
2.5 gamma of histamine per gram. In three spontaneous mammary 
carcinomas and in a transplant of a methylcholanthrene lung carcinoma in 
the mouse, no histamine, or only traces, were detected. 

Two determinations upon a guinea pig liposarcoma and one upon a 
Rous chicken sarcoma were negative. 

The following values were obtained upon the tumor-free tissues of either 
normal or tumor-bearing animals, each determination representing a 
separate animal: 


Micrograms of histamine per gram of tissue 


Rat muscle: 3, 4, 5, 48. 

Rat liver: ‘0, 0, 0, 0, 0. 

Rat lung: 5, 5. 

Mouse muscle: 2, ¢ 5.3, 6, 6.5, 4 12, 4 12. 
Mouse liver: ‘ 0, 0, 0. 

Mouse lung: ‘0, 0, 0, 0, T, T, 1. 


4 Cotton acid succinate purification. 
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TABLE 1.—Histamine content of some animal tumors ! 


Animal Type of tumor Transplant | Mocntent 

per 

gram 

Sarcoma No. E2730, spontaneous origin--- -- 26 

Mixed: 3 No. 1643, 210 

Mixed: 3 No. 1643, peritoneal metastasis - - 12 

No. 2226, acetyl fluorene------- 0 

Carcinoma No. 2226, ‘liver metastasis. 0 

Carcinoma No. 20 

arcinoma, mammary spontaneous- - ------- 

None... ...- Trace 


1 Trace to 0 indicates less than 0.5 to 1 y per gram 


? CAS purification. The other determinations were made directly on trichloroacetic acid filtrates. 
3 Predominantly sarcoma. 


SUMMARY 


In a small series of animal tumors in the rat and mouse, those mor- 
phologically resembling sarcoma contained measureable amounts of 
histamine, while traces or none could be detected in those characterized 
as carcinoma. The concentrations found in rat sarcomas tended to be 
higher than the amounts present in other rat tissues examined. Measure- 
able amounts of histamine were not found in a guinea pig liposarcoma or 
in a Rous chicken sarcoma. A more extensive examination of other 
tumor material is necessary to establish the correlations implied in this 
study. 
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EXCRETION OF URINARY COPROPOR- 
PHYRINS IN PATIENTS WITH NEO- 
PLASTIC DISEASES TREATED WITH 
METHYL-BIS(6-CHLOROETHYL) AMINE 
HYDROCHLORIDE (HN2)'! 


By Howarp R. Bierman, M. D., Laboratory of Experi- 
mental Oncology, National Cancer Institute, National Instt- 
tutes of Health, Public Health Service, and University of 
California Medical School, San Francisco; Louis A. Strat, 
Ph.D., and Micuaet K. Hrenorr, B. 8. Spectrographic 
Laboratory, University of California, San Francisco, Calif. 


The formation and excretion of large amounts of urinary copropor- 
phyrins is considered a characteristic feature of the porphyrias, lead 
poisoning, and cirrhosis (1). Knowledge concerning the effect of other 
heavy metals is more fragmentary, although there are reports implicating 
Ag, Au, As, Bi, Cu, Fe, Hg, and Zn (2). Other investigations have shown 
increased porphyrin excretion with paraldehyde, chloral hydrate, amylene 
hydrate, morphine, sulfanilamide, acetanilide, aspirin, carbon tetra- 
chloride, and alcohol (3, 4). However, despite intensive investigations, 
the fundamental significance of porphyrin excretion remains obscure. 

The effect of methyl bis(8-chloroethyl) amine hydrochloride (HN2) on 
the urinary porphyrin excretion has not been reported. The use of HN2 
as a therapeutic agent in Hodgkin’s disease and allied disorders has been 
established (5). The present report presents data on the excretion of 
urinary coproporphyrins in some cases of neoplastic disease treated with 
HN2. 

MATERIALS AND METHODS 


Ten patients with neoplastic diseases were studied for urinary excretion 
of coproporphyrins during single and repeated injections of HN2. The 
nitrogen mustard was administered intravenously, through a rapidly run- 
ning infusion of isotonic saline in single doses of 0.1 to 0.6 mg./kg. of body 
weight. Ingestion of heavy metals, alcohol, and barbiturates was not 
permitted during the period of study. The fecal porphyrin excretion was 
not studied since most metals fail to produce significant changes in fecal 
excretion (6). The total 24-hour urinary output was collected, thoroughly 
mixed, and an aliquot sample determined for coproporphyrin by the 
following method: 


1 Received for publication March 18, 1949. 
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Quantitative Analysis of Coproporphyrin in Urine: The extraction method 
is, in the main, that suggested and employed by Dobriner (7); the quanti- 
tative analysis procedure is directly spectrophotometric with adequate 
resolving power for the characteristic sharp absorption of coproporphyrin. 


PROCEDURE 


Use 100-ce. aliquots of 24-hour excretion urine. Add 10 cc. saturated 
solution of sodium acetate and 35 cc. of glacial acetic acid. Extract 
twice with 100 cc. of ether, and combine ether solutions. Wash the ether 
extract twice with 40 cc. of distilled water. Extract the ether 3 times with 
10 cc. of 5-percent hydrochloric acid, and combine the acid extracts. 
Make the acid solution neutral to Congo Red by the addition of 20 cc. 
saturated sodium acetate solution, and add 5 cc. of glacial acetic acid. 
Extract twice with 75 cc. of ether. Wash the ether extract twice with 
20 ce. of distilled water. Discard the water. Extract the ether 3 times 
with 10 cc. of 0.5-percent hydrochloric acid. This step may be repeated 
if large amounts of porphyrin are present. Make the hydrochloric acid 
solution neutral to Congo Red by the addition of saturated sodium acetate 
solution (10 cc.), and add 2 cc. of glacial acetic acid. Extract twice with 
50 ec. of ether. Wash the ether extract twice with 20 cc. of distilled water. 
Extract the ether extract several times with 2 cc. portions of 5-percent 
HCl until fluorescence is no longer discernible.2 Combine and bring to 
a final volume of 10 to 25 ec. (with 5-percent hydrochloric acid). Store 
for later analysis op the Beckman spectrophotometer. 

Density readings are taken at 350, 360, 370, 380, 400, 402, 405, 410, 
and 420 yu, if spectrum data is desired to check on possible impurities. 
The reading at 402 is maximal and is the one used for calculations. 
EZ is taken equal to 6,800 from measurements of our standard solu- 
tion using the constant at 548 y in the literature (8). 

Normal range: 1 to 8 micrograms concentration per 100 cc., or 0 to 100 
micrograms coproporphyrin/24 hours. 

The reduction of the number of extraction procedures in the quantitative 
determination for coproporphyrin used by some (9, 10) have been found 
by us to lead to serious errors. Deviations of optical density and, therefore, 
of concentration as great as 100 percent arise from failure to eliminate 
the non-porphyrin bile pigments which persist in extracts using 25-percent 
HC! solutions as recommended. 

The difference in absorption due to failure to eliminate background 
absorption of this type is evident (text-fig. 1). This source of error of 
possible overestimation of coproporphyrin by one- or even twofold by 
optical density measurement leads to underestimation in quantitative 
fluorometric analysis because the background urinary pigments fluoresce 
pale green, which added to the pink-red fluorescence of coproporphyrin, 
produces a chalky white. It is clear that unless adequate precautions are 
taken in extraction technique, and in the method of measurement, the 


+A CH4 mercury arc lamp with a visible absorbing ultraviolet transparent filter was used. 
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TEXT-FIGURE 1.—Curve I in each case is the absorption spectrum of urine extracts 
following incomplete extraction in 25-percent HCl according to the procedure of 
Mason (9). Curve II is the same except for the additional steps according to the 
procedure in the text and final solution in 5-percent HCl. The extinction coefficients 
as well as the wave lengths of the absorption maxima are different (8) at the different 
values of pH and must be taken into account in the calculation of coproporphyrin 


using Beer’s Law. 

A. Case of low total {Curve 

B. Case of intermediate total copropor- | Curve I-------- 6. 9 133y 
phyrin. Conve ...... 5. ly 1007 

C. Case of intermediate total copropor- 137 1— 
phyrin, large background contribution [Curve 5. 

1 Volume of urine unknown. 
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quantitative values of coproporphyrin are not significant. Much of the 
data in the literature may be erroneous and not mutually comparable 
for this reason. 

RESULTS 


Sixteen single injections of 2 to 40 mg. HN2 in patients with various 
neoplastic diseases were followed by an increased urinary excretion of 


G.B. 26 
Hodgkin's Disease 


o 


3 


Total 24 Hr.COPROPORPHYRIN in urine (gammas) 
3 


COPROPORPHYRIN concentration in urine (gammas %) 


September 


26428 30 
20mgHN, 40mg HN, 


TExt-FIGURE 2.—The effect of HN2 upon the urinary coproporphyrin excretion. 
Despite the higher rise in urinary coproporphyrin concentration with 0.6 mg./kg. 
(40 mg.), the total amount of coproporphyrin excreted is much less. 


coproporphyrin within 1 to 5 days on 11 occasions (table 1). In 8 in- 
stances the coproporphyrin excretion following HN2 exceeded 100 micro- 
grams/24 hours, the accepted limit of normal excretion (text-fig. 2). In 
the remaining 3, the coproporphyrin excretion was markedly increased 
over the control level although not exceeding 100 micrograms/24 hours 
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TEXT-FIGURE 3.—Increased urinary coproporphyrin excretion following 20 mg. HN2 
(0.13 mg./kg.), not, however, exceeding the usually accepted upper limit of normal. 


RELATIONSHIP OF COPROPORPHYRIN EXCRETION WITH HN2 ADMINISTRATION 


GR Q 


TOTAL 24 He. COPROPORPHYRIN IN URINE 


TEXT-FIGURE 4.—The urinary excretion of coproporphyrin during repeated small 
doses of HN2. The decrease in coproporphyrin in the last 6 days was related to 
the rapid progressive decline of the condition of the patient. 
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(text-fig. 3). In the 4 instances in which no increase in coproporphyrin 
excretion occurred, 2 were in patients with Hodgkin’s disease with exten- 
sive liver involvement. One of these cases subsequently responded with 
a coproporphyrinuria when given 0.6 mg./kg. body weight of HN2. The 
base line of total 24-hour urinary coproporphyrin was quite variable in 
some patients (text-figs. 4 and 5). 


 640ce. 
500, 
C.B.o Age 45 
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| | 2000ce. 40 
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Text-FiGuRE 5.—Marked coproporphyrinuria following 2 doses of 20 mg. HN2 
(0.3 mg./kg.) compared to 8 mg. HN2 (0.12 mg./kg.) 
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In a 5-year-old child with acute lymphogenous leukemia treated with 
daily repeated intravenous injections of HN2 (1 mg., 0.05 mg./kg.), an 
increased coproporphyrin excretion appeared only after the intial doses 
(text-fig. 6). In 2 of 3 patients given about twice the original amount of 
HN2, there was a decided increase in coproporphyrin excretion with 
the higher dosage than with the smaller amount of the drug (text-fig. 4). 
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Repeated injections of 20 mg. of HN2 at monthly intervals in a patient 
with metastatic embryoma of the testis (case No. 2) resulted in a slight 
increased excretion of coproporphyrin within 24 to 48 hours after HN2. 
However, on 2 occasions an increase in coproporphyrin excretion occurred 
2 weeks after HN2 therapy in greater amounts than immediately after 
HN2 administration and was associated with anorexia, weakness, and 
fatigue (text-fig. 4). This patient excreted an increased amount of 
coproporphyrin again after an interval of 1 month without prior HN2 


therapy. 
DISCUSSION 


The decrease of the coproporphyrinuria despite repeated injections of 
HN2 might indicate that the source or mechanism of formation or excre- 
tion of coproporphyrin in this case (G. R.) was altered by the repeated 
doses of HN2. On the other hand, increasing the dosage altered the 
coproporphyrin excretion in two out of three instances. It would appear 
that in these patients the mechanism of urinary coproporphyrin excre- 
tion bears some stoichometric relationship to HN2 administration, yet 
the reserve of this excretion is limited and can be exhausted. The possi- 
bility of liver or kidney damage directly from HN2 must be studied for 
its particular role in this excretion of coproporphyrins. 

The significance of the apparent monthly cyclic urinary copropor- 
phyrinuria and its relationship to the HN2 is obscure although it is 
interesting to note that this patient (W. G.) had an embryoma of the 
testis in which metastases to the periaortic nodes were discovered 2 years 
after orchiectomy. The immediate post-HN2 period is one of anorexia, 
nausea, emesis, hematopoietic depression, and exhaustion, a syndrome 
which was repeated 2 weeks after each HN2 administration in this case. 

It was not possible to show a relationship between the response of the 
neoplastic tissue to the HN2 and the coproporphyrinuria in this series, 
since in at least 2 cases, little if any effect on the disease was apparent, 
despite an increase in urinary coproporphyrin. However, the effects of 
HN2 on the bone marrow, lymphoid tissue, liver, or kidney followed 
within 10 days by an intensified hematopoiesis (11, 12) must all be con- 
sidered as possible explanations for the increased coproporphyrinuria. 
Liver dysfunction may well be the main factor, but urinary bile pigments, 
and derivatives and uric acid determinations were not performed (6). 
On the other hand, it is noteworthy that in two cases with extensive liver 
involvement there was no increased coproporphyrin excretion after HN2. 
The delay in the coproporphyrinuria suggests that the responsible mechan- 
ism usually requires 24 to 96 hours to reach its peak after HN2 adminis- 
tration. A competitive inhibition between iron porphyrins which sup- 
port growth and iron-free porphyrins has been described (13) and may 
also be implicated in this particular mechanism. X-ray irradiation in 
dogs is followed by a decrease in coproporphyrin excretion (14), but 
comparable experience in human beings showed a terminal increase. In 
any event, it is evident that a single random urinary specimen may be 
quite misleading in any diagnosis of coproporphyrinuria. While there is 
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data for relatively short periods on daily urinary coproporphyrin excre- 
tion in normals and in patients with hepatic disease, there is no data on 
daily urinary coproporphyrin excretion in patients with neoplastic 
diseases not primarily related to the liver for any sustained period. The 
results of this study indicate that it is desirable to obtain further infor- 
mation on urinary porphyrin pigments in patients with neoplastic diseases. 


SUMMARY 


Ten patients with neoplastic diseases treated with HN2 in doses of 
0.1 to 0.6 mg./kg. body weight have been studied for their daily urinary 
coproporphyrin excretion. 

An increased urinary excretion of coproporphyrin occurred within 1-5 
days after 11 of 16 separate injections of HN2. 

The increased coproporphyrin excretion did not continue despite 
repeated daily injections of 1 mg. (0.5 mg./kg.) of HN2 in a case of acute 
lymphogenous leukemia in a 5-year-old child. 

Increasing the dose of HN2 in three patients increased the copropor- 
phyrin excretion pattern established at a lower dose. 

A monthly cyclic increase in urinary coproporphyrin excretion was 
noted in a patient with metastatic embryoma of the testis. 

The base line of urinary coproporphyrin excretion in the patients with 
neoplastic diseases is more variable than previously suspected from the 
literature, emphasizing the need for more data. 
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CHEMICAL ALTERATION OF POLYSAC- 
CHARIDE FROM SERRATIA MARCES- 
CENS. III. REACTION OF POLYSACCHA- 
RIDE WITH RADIOACTIVE P-IODO- 
BENZENE DIAZONIUM CHLORIDE AND 
THE USE OF THE PRODUCT IN AN 
EXPERIMENTAL AND CLINICAL 
STUDY 


By Arnotp M. SELicMAn, assistant professor of surgery, 
and THropore Sack, research associate, Kirstein Labo- 
ratory for Surgical Research, Beth Israel Hospital, Boston, 
and the Department of Surgery, Harvard Medical School 


INTRODUCTION 


The high degree of clinical toxicity of a tumor-necrotizing bacterial 
polysaccharide from Serratia marcescens has been demonstrated (1, 2, 3). 
It has been emphasized that the polysaccharide might be made useful in 
the clinical treatment of neoplastic disease only by great reduction of its 
toxicity without appreciable impairment of its tumor-necrotizing 
properties (4). 

Attempts to produce a dichotomy of these two properties by chemical 
alteration of the bacterial product is under investigation. In a previous 
report it was shown that iodination of the polysaccharide did not signifi- 
cantly alter its tumor-necrotizing properties in mice (5) or its toxicity 
in man (4). The reaction of polysaccharide with radioactive p-iodoben- 
zene diazonium chloride (6), pilot experiments on the distribution of the 
reaction product in the tissues of mice, and a study of the response of three 
patients with malignant tumors following the intravenous injection of this 
modification * of the bacterial product, form the basis of this report. 


EXPERIMENTAL METHODS 


PREPARATION OF RADIOACTIVE P-10DOBENZENE CHLORIDE AND ITs 
REACTION WITH POLYSACCHARIDE 


Iodination of aniline (6, 7) and diazotization of the amine was accom- 
plished in a single reaction vessel with 0.02 millimole of iodine (excess) 
and 0.01 millimole of aniline according to equations (1)-(3). The product 

! Received for publication January 4, 1949. 
? This investigation was supported by a research grant from the National Cancer Institute, National Institutes 
of Health, Public Health Service. 


3 The tumor-necrotizing activity of the modified polysaccharide was assayed in mice with sarcoma 37 and found 
to be unimpaired. Unpublished experiments of J. Leiter and M. J. Shear. 
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(not isolated) was reacted with 2.5 mg. of polysaccharide (P-8).4 Reac- 
tions (1) and (3) must be conducted in strong acid and reaction (2) in 
excess bicarbonate. 


(1) 8NaCl+4H,0+N, 
(2) I, C,H;N H, + Nal H,0 + CO, 


(3) 61C,H,NH,+6NaI+8NaNO,+ 31,+ 14NaCl+ 
16H,0+N; 


Carrier free I in the form of the sodium salt was added to a solution 
of 6 mg. sodium iodide (<5 mg. iodine). The final volume was 5-7 cc. 
To this solution was added 1 cc. of a solution of sodium nitrite (0.1 percent). 
Hydrochloric acid (1 cc. of 1 percent by volume) was then introduced. 
The yellow color of iodine appeared in the solution (equation 1). After 
the solution had stood a few minutes, 1 cc. of a solution of sodium bicar- 
bonate (1 percent) and 1 cc. of a solution of aniline (0.1 percent) were 
added. The solution was allowed to stand and was then warmed until 
decolorization was complete (equation 2). 

The solution was cooled to 5° C. in an ice bath, and 3 cc. of sodium 
nitrite (0.1 percent) was added. Hydrochloric acid (5 cc. of 1 percent) 
was then introduced. Iodine, liberated from the sodium iodide which had 
been produced in the iodination reaction, formed a brown complex with 
the diazonium compound (equation 3). After the solution had stood in 
the cold for 5-10 minutes, the reaction was considered complete. The 
iodine was then reduced with sodium bisulfite (1 percent) by addition drop- 
wise until all the precipitate had dissolved and the color discharged. 
An excess was avoided. The clear solution was made alkaline by the 
addition of 3 cc. of 2 percent sodium carbonate and was immediately 
mixed with a 1 cc. solution containing 2.5 mg. of polysaccharide. The 
final volume of the yellow solution was 20-25 cc. It was placed in cello- 
phane tubing (Visking) and dialyzed against cold running tap water for 
7 days. At the end of this time the solution was pale straw-colored. 

Radioactivity measurement revealed 6 percent of the iodine to be at- 
tached to the polysaccharide. In other words, 7,700 atoms of iodine or 
moles of iodobenzene were attached to each molecule of polysaccharide 
(molecular weight 8 million (8)). When 0.01 millimole of iodine and 0.01 
millimole of aniline were used, 8 percent of the iodine was incorporated or 


4 Provided through the courtesy of Dr. M. J. Shear, National Cancer Institute. 
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5,000 atoms per molecule of polysaccharide. Since a small amount of ani- 
line may have escaped iodination, some of it may have reacted with the 
polysaccharide. This would not be measured by radioactivity determina- 
tions. Twenty times as many atoms of iodine, and, therefore, at least as 
many benzene azo groups, were incorporated through this linkage than 
were attached to each molecule of polysaccharide by direct iodination with 
sodium hypoiodite (5). Because diazonium compounds couple to form 
an azo linkage with compounds similar in structure to those iodinated by 
sodium hypoiodite, the mode of reaction of iodobenzene diazonium 
chloride with polysaccharide is just as obscure as in the case of sodium 
hypoiodite (5). In addition, azoamino compounds are produced from the 
reaction of diazonium compounds with primary amino groups. 


Rate OF DISAPPEARANCE OF RADIOACTIVITY THE CiRCULATING BLoop FoLiow- 
ING INTRAVENOUS INJECTION AND DISTRIBUTION OF RADIOACTIVITY IN THE TISSUES 
or MIcE 


Following the intravenous injection of 0.1 cc. of saline containing 25 
micrograms of radioactive iodobenzene azo polysaccharide (IBA poly- 
saccharide), radioactivity disappeared from the circulation at a rapid 
rate, similar to that noted with radioactive iodopolysaccharide (5). Five 
minutes after injection in normal albino mice, 20 percent of the injected 
radioactivity was circulating, and 30 minutes later 12 percent was cir- 
culating in the blood. Analysis of tissue 30 minutes after injection is 
given in table 1. 

The distribution of radioactivity in the tissues of a mouse (C57 black 
with a fibrosarcoma 1.5 cm. in diameter) and of a mouse (C57 black with 
a 16-day-old myelogenous leukemia) are also given in table 1. Analysis 
(5) was made 2 hours and 4 hours after injection, respectively. Highest 
concentrations of radioactivity were found in liver and lung. Tumor 
tissue contained the lowest concentration. 


Rate oF DISAPPEARANCE OF RaDIOACTIVITY From THE CIRCULATING BLOOD OF A 
RaBBIT 


The rate of disappearance of radioactivity from the blood of a rabbit 
was similar to that already described following intravenous injection of 
radioiodopolysaccharide (5). Data are given in table 2. 
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TABLE 1.—Ratio of radioactivity of unit weight of tissue to that of unit volume of circulating 
blood at the time of death in a stock albino mouse and in two C57 black mice with tumors 
(fibrosarcoma and myelogenous leukemia) after intravenous injection of IBA- 
polysaccharide 


1 | Myelogenous 
Tissue mice (@.5hour | “@hoursatter | 4 
after injection) injection) injection) 

7.9 4.9 4.9 
6 1.0 a3 


1 Obtained from the Jackson Memorial Laboratory, Bar Harbor, Maine; Fibrosarcoma (No. 1946AII); Leuke- 
mia (No. C1498) grew as a tumor at the site of inoculation in the flank. The method of inoculating these tumors 
and their growth characteristics are described elsewhere (9). 


TABLE 2.—Rate of disappearance of radioactivity from the circulating blood of a rabbit 
after intravenous injection of IBA polysaccharide 


Radioactivity of unit Radioactivity of 
percent of ac- ood in percent 
Time tivity of unit vol- Time of activity of unit 
ume of blood at volume of blood 

zero time at Zero time 

Minutes Percent Minutes Percent 


CLINICAL OBSERVATIONS 


The selection of patients, clinical and laboratory observations, poly- 
saccharide administration, and the supportive and symptomatic treatment 
were carried out as previously described (4). Lipoadrenal cortex extract § 
was given intramuscularly to each patient during the period of poly- 
saccharide administration. 

The 3 patients received a total of 7 injections of IBA polysaccharide. 
The injection schedules, polysaccharide dosage, preliminary medication, 
and total dose of adrenal cortex extract on each day of injection are shown 
in table 3. IBA polysaccharide was injected in cases 8 and 10 in a solu- 
tion containing 10 micrograms per cubic centimeter; consequently, the 
total dose for each injection was infused in less than 1 minute. In case 
9, on the other hand, the dose was diluted in 1,500 ce. of 5-percent dextrose 
in isotonic saline; the first injection was infused in 3.5 hours, the second in 
2.0 hours, and the third in 2.5 hours. 


§ Provided through the courtesy of the Upjohn Co., Kalamazoo, Mich. 
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CASE HISTORIES 


The case histories of the three patients who received IBA polysaccharide 
are abstracted below. Protocol data are summarized in table 3. The 
post-injection reactions are summarized in text-figures 1-3 and the text 
of the following sections. 


CASE NO. 8 
= 104 INJECTION NO.1 
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HOURS AFTER INJECTION 


TrExtT-FIGURE 1.—The arrow in the lower chart indicates the time of onset of ab- 
dominal pain due to intestinal perforation at the site of anastomosis. 
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HOURS AFTER INJECTION 


TEXT-FIGURE 3.—The letters indicate as follows: PL, onset of pleuritic pain; B, 500 
ec. whole blood transfusion; P, 500 cc. plasma infusion; PE, onset of pulmonary 
edema; D, digitalization with 1.2 mg. digitoxin; 8, shock. 


CasE 8 


Diagnosis: Papillary carcinoma of the ovary with metastases.—This 50- 
year-old housewife developed left lower quadrant pain and abdominal 
swelling 6.5 months before IBA polysaccharide administration. Six 
weeks later exploratory laparotomy revealed carcinoma of the left ovary 
with peritoneal metastases; no resection was done. 
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After 4 months of slowly progressive weakness and weight loss, she was 
admitted to this hospital. She appeared slightly cachectic, and com- 
plained of weakness and mild lower adbominal pain. There was a firm, 
plum-sized tumor mass in the right breast, massive ascites, and a large, 
hard, irregular mass in the left lower quadrant rising out of the pelvis. 
She was afebrile, her heart and lungs were normal, and her blood pressure 
was 124/84 mm. Hg. Hemoglobin was 12.5 gm. percent, leukocyte count 
9,400, urine normal, and plasma protein 5.48 gm. percent. Roentgeno- 
grams failed to show evidence of metastatic lesions. 

Laparotomy was performed in order to remove as much of the extensive 
tumor mass as possible preparatory to polysaccharide administration. 
This was done because of experimental evidence of greater toxicity of 
polysaccharide ‘for, tumor-bearing mice than for normal mice (10, 11). 
This was accomplished by a panhysterectomy and resection of part of the 
sigmoid and descending colon with anastomosis of the mid-transverse 
colon and sigmoid. In addition, 8 liters of ascitic fluid were aspirated, 
and two-thirds of the tumor mass in the right breast was resected. 

During the second postoperative week, the patient became afebrile, 
was able to take food and fluids by mouth, and suffered only mild abdomi- 
nal pain. On the fifteenth and sixteenth post-operative days, respectively, 
two injections of IBA polysaccharide were given. Fourteen hours after 
her second injection, from which she appeared to be recovering unevent- 
fully, she complained of mid-abdominal pain and subsequently developed 
abdominal spasm. Laparotomy was performed 17 hours later for peri- 
tonitis. There was a small separation at one corner of the colonic anasto- 
motic junction, and about 3 liters of intestinal contents were present in 
the abdomen. The opening was closed, the peritoneal cavity washed out, 
a biopsy of one of the numerous peritoneal implants was taken, and the 
abdomen was closed with drainage. No evidence of recent hemorrhage 
into tumor was noted grossly or microscopically, and no tumor tissue was 
seen at the disrupted anastomotic site. 

Her subsequent course was long and complicated, marked by slow 
recovery from the immediate effects of the intestinal perforation, perito- 
neal sepsis, and a fecal fistula. There was progressive tumor growth, 
malnutrition, general deterioration, and, finally, death 4 months later. 
During the 4-month period, she was given courses of several other experi- 
mental agents. 

Post-mortem examination revealed extensive involvement of the viscera 
with tumor tissue, but, because of the long interval after polysaccharide 
administration, furnished no information which could be used to evaluate 
its effect on tumor. 

CasE 9 


Diagnosis: Renal cell carcinoma.—This 51-year-old man underwent a 
left nephrectomy 2.3 years earlier for a 5-pound renal cell carcinoma 
which infiltrated the renal pedicle and veins. During the subsequent 2 
years, there was progressive listlessness, anorexia, weight loss, headaches, 
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dizzy spells, and, later, occasional episodes of nausea and vomiting. Five 
months before polysaccharide administration, tumor nodules werenoted 
at the operative site, and 4,000 r of radiotherapy were directed at the left 
flank and abdomen during a 2-week course. During the next 2 months, 
he suffered severe and persistent nausea and vomiting and, later, marked 
pain in his lumbar spine, right flank, and thigh. He was admitted to this 
hospital 1 month before polysaccharide administration. 

On admission, rectal temperature was 102° F., and blood pressure was 
100/80 mm. Hg. The patient was pale, showed evidence of considerable 
weight loss, and appeared listless. Beneath the scar in the left flank 
could be felt 4 tender, firm nodules, 1 to 2 cm. in diameter, firmly fixed to 
the fascia. The liver was enlarged to 2 cm. below the right costal margin. 
The heart and lungs showed no abnormal physical signs, there was no 
evidence of ascites, and there was no mass or tenderness in the right flank. 
There was albuminuria and many bacteria and luekocytes in his urinary 
sediment; hemoglobin level was 11.6 gm. percent, leukocyte count 7,100, 
and nonprotein nitrogen 43 mg. percent. Intravenous pyelogram showed 
no evidence of pathology in the right upper urinary tract. No bone 
metastases were demonstrated. 

The patient was treated with radiotherapy for 12 days to his left flank 
and lumbar spine (1,000 r each). However, his right flank and back pain 
continued undiminished, and he was given 4 mg. of stilbesterol daily for 
another 12 days, with relief of pain. 

Three injections of IBA polysaccharide were then made. The only 
notable clinical change which followed was a great increase in his general 
debility. Stilbesterol therapy was reinstituted, and he was discharged 
8 days after his third polysaccharide injection. He was not seen by us 
thereafter, but his private physician reported that pain recurred about 1 
month after discharge. He deteriorated rapidly and died 5 months later. 
No post-mortem examination was performed. 


Case 10 


Diagnosis: Lympho-endothelioma of the nasopharynz, with metastases to 
the neck and lungs.—This 53-year-old housewife developed nasal obstruc- 
tion, epistaxis, and a nodule on the left side of her neck 3 years before IBA 
polysaccharide administration. Biopsy of a marble-sized nodule in the 
left nasopharynx and a larger one in the left anterior cervical triangle 7 
months later revealed a lymphoendothelioma. At this time she showed 
no notable physical deterioration except for moderate anemia. X-rays 
of her sinuses and skull showed no destructive bone lesions. 

Radiotherapy (3,000 r) was applied to the cervical mass, which re- 
gressed under treatment. Subsequently the nasopharyngeal mass en- 
larged and extended into the left antrum. Radiotherapy (2,500 r) again 
resulted in regression. However, within 6 months, the tumor was again 
actively growing in the nasopharynx with involvement of the sphenoid 
and the left temporal bone. The third and final course of radiotherapy 
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(5,000 r) was given 1.3 years before polysaccharide administration, again 
with some regression of tumor and relief of symptoms. 

During the 6 months before polysaccharide administration there was 
evidence of rapid progression of the disease with increasing nasal obstruc- 
tion, enlargement of the cervical mass, and progressive weight loss. 
Radiograms of the chest, taken 4 months and 1 month before polysac- 
charide injection, showed widespread pulmonary metastases with rapid 
progression of the lesions. 

On admission she showed cachexia, pallor, a Horner’s syndrome on the 
left, and complete obstruction of the left nasopharynx with partial obstruc- 
tion on the right. There were exertional dyspnea and nonproductive 
cough; diminished breath sounds and scattered, fine crepitant rales were 
noted in the right lung. There was a large, firm tumor mass in the left 
anterior cervical triangle. The blood pressure was 140/90. The hemo- 
globin was 7.4 gm. percent, leukocyte count 14,000, nonprotein nitrogen 
31 mg. percent, icterus index 3, and the urine normal. X-ray of the 
chest showed both lung fields studded with rounded nodules; no metastatic 
lesions were seen in the bones of the thorax; no cardiac enlargement was 
demonstrated. 

The patient received injections of IBA polysaccharide on 2 consecutive 
days. After the first injection, she developed severe right-sided pleuritic 
pain, an auscultatory friction rub at the same site, and, later, physical 
signs of pulmonary edema. She was rapidly digitalized with intravenous 
digitoxin, and penicillin therapy was started. By the next morning, these 
signs and symptoms were greatly improved. However, following the 
second polysaccharide injection, she suffered a more severe exacerbation 
of the same picture, and right-sided pleural effusion developed together 
with pulmonary congestion and edema. She was digitalized and given 
a daily maintenance dose of digitoxin; penicillin therapy was carried out 
for 5 days. For 3 days after her second injection of polysaccharide she 
suffered severe respiratory embarrassment. This gradually subsided 
thereafter, and a roentgenogram of the chest on the eighth postinjection 
day showed persistence of right-sided pleural effusion without pulmonary 
congestion or edema. Biopsy of the tumor mass in the anterior cervical 
triangle was taken on the seventh day after injection. It showed no 
significant changes. 

The patient was discharged 12 days after her second polysaccharide 
injection in about the same physical condition as she had been on admis- 
sion, except for the presence of increased exertional dyspnea. Her course 
thereafter was one of progressive deterioration with increasing cachexia 
and respiratory distress. She was readmitted 1 month later for a series 
of podophyllotoxin injections. Her downhill course continued, and she 
died at home, 4 months after administration of IBA polysaccharide. No 
post-mortem examination was performed. 
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SUMMARY OF CLINICAL OBSERVATIONS 


The reactions of these patients following the intravenous injection of 
IBA polysaccharide were similar to those seen in patients who received 
injections of unmodified (/, 2, 3) and iodinated (4) polysaccharide. 
These were characterized by a severe pyrogenic response and some 
degree of peripheral circulatory failure. The courses of temperature and 
blood pressure changes during the post-injection reactions are shown in 
the figures. The time of onset of symptoms of intestinal perforation in 
patient 8, of pleurisy and pulmonary edema in patient 10, and of shock 
in patients 9 and 10 is indicated in text-figures 1-3. The pulse and 
respiratory rate changes roughly paralleled the temperature curves. 

The acute signs and symptoms during the chill phase were similar to 
those previously described and showed individual quantitative variations. 
Their severity was parallel to that of the pyrogenic reactions and could 
be modified by narcotic and barbiturate administration. In one instance 
(Case 8, injection 1) the chill was preceded by a transient cyanotic flush 
and pounding headache. The reaction was similar to that seen after 
clinical administration of nitrites and, rarely, after the injection of 
unmodified polysaccharide.® 

All patients showed some degree of postinjection weakness, but it was 
remarkably mild in patients 8 and 10. Each patient developed labial 
herpes simplex within 24—48 hours after the first polysaccharide injection. 

In all instances oliguria was associated with hypotension and was 
temporary. There were no postinjection increases in the nonprotein 
nitrogen level of the blood. Albuminuria and polymorphonuclear 
leukocytosis were demonstrated after administration of IBA polysac- 
charide in all patients. 

In the two patients in whom postinjection biopsies were obtained (8 
and 10) there was no evidence of tumor necrotization on gross or micro- 
scopic examination. In none of the patients was there clinical evidence 
that the course of the malignant disease was favorably affected by the 
polysaccharide administration. 


DISCUSSION 


The toxic reactions following the intravenous administration of IBA 
polysaccharide to three patients did not differ appreciably from those 
which followed the injection of unmodified or iodinated polysaccharide. 

The most likely cause for the development of pulmonary edema in 
patient 10 was acute congestive heart failure, precipitated by the pyrogenic 
reaction and the infusions of saline, blood, and plasma. However, heart 
failure cannot account for the development of signs and symptoms of 
pleuritic inflammation which appeared 4 hours after this patient’s first 
injection. In view of the presence of extensive pulmonary metastases, 
a tumor-necrotizing action of the injected polysaccharide must be con- 
sidered as one of the possible causes of the development of pleurisy. This 


* Unpublished observations of A. M. Seligman. 
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may be related to the fact that the capillary bed of the lungs receives a 
larger concentration of the material immediately after intravenous injec- 
tion than any other part of the body (12). In patient 8 there was no 
evidence other than coincidence that intestinal perforation was a direct 
result of the tumor-necrotizing effect of polysaccharide. 

The reactions suffered by patient 9 substantiate a previous impression 
(4) that administration of the material by relatively slow intravenous 
infusion does not significantly modify the clinical response. The char- 
acteristically prolonged defervesc. ice and secondary temperature eleva- 
tions previously described (4) wei . seen in these patients also. However, 
no new light is cast on the mech. aism of this phenomenon. 

The rapid development of tolerance (4) is illustrated in Cases 8 and 10, 
particularly in view of the tenfold increase in dosage in each case. This 
phenomenon is illustrated also in Case 9 but to a lesser degree; however, 
this case is not comparable in this respect because of the 4-day interval 
between the first and second injections. 

Further evidence for a protective effect of adrenal cortex extract is 
furnished by the relatively mild degree of postinjection hypotension and 
debility seen in Cases 8 and 10. That this protective effect was not seen 
in Case 9 may be due to the fact that this patient exhibited both hypo- 
tension and severe asthenia before polysaccharide administration. 


SUMMARY 


Aniline (0.01 millimole) was iodinated (I'*'), diazotized, and reacted with 
polysaccharide from Serratia mascescens in a single reaction vessel without 
isolating any of the intermediates. The final product, purified by dialysis, 
was found to contain radioactive iodine which served as a label for the 
benzene azo groups which were attached to the polysaccharide. The 
product was given to a few animals for measurement of the distribution 
of radioactivity. It was also injected into three patients with malignant 
tumors. Its toxicity in man was found to be similar to that of unmodified 
polysaccharide. 
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RELATIONSHIP BETWEEN THE HAIR- 
LESS GENE AND SUSCEPTIBILITY TO 
INDUCED PULMONARY TUMORS IN 
MICE? 


By W. E. Heston, principal geneticist, and MARGARET K. 
DeER1nGER, biologist, National Cancer Institute, National 
Institutes of Health, Public Health Service, Bethesda, Md. 


Specific coat color and developmental genes have been shown to be 
linked with susceptibility to pulmonary tumors in the mouse. The 
presence of the lethal yellow (A’) gene increases susceptibility to both 
the spontaneous tumors and those induced with the carcinogenic hydro- 
carbons, and a relationship of the flexed-tail (f) and shaker-2 (sh-2) genes 
to the induced tumors has been demonstrated (1, 2, 3). 

Data presented herein showed that the hairless (hr) gene also was re- 
lated to susceptibility to induced pulmonary tumors. Pink-eye (p) which 
also segregated in the cross used had no effect. 


PROCEDURE 


The test for linkage was made with the conventional backcross. The 
parent strains were strain A from which the high susceptibility to pul- 
monary tumors was introduced and the hairless strain which had the 
two recessive genes tested, hairless and pink-eye. 

Strain A is the well-known highly inbred high-pulmonary-tumor strain 
that has been used extensively for work with this tumor. The line 
maintained at the National Cancer Institute and used in this work was 
derived from Dr. Bittner’s colony at the Roscoe B. Jackson Memorial 
Laboratory in 1938. The incidence of spontaneous pulmonary tumors 
is approximately 90 percent in animals of the line at 18 months of age 
(4), and by 6 weeks following intravenous injection of 0.5 mg. 1,2,5,6-di- 
benzanthracene at an early age, 100 percent of the animals will have small 
nodules appearing, the number increasing to an average of approximately 
75 per animal at 16 weeks after the injection (6). The strain is albino and 
homozygous for the normal alleles of pink-eye and hairless. The number 
of brother X sister inbred generations now exceeds 80, and thus the 
strain can be considered to be homozygous for practically all genes. 

The hairless strain ? was derived from Dr. F. A. E. Crew’s laboratory in 
Edinburgh, Scotland. Dr. Crew described hairless as a recessive. The 

1 Received for publication April 4, 1949. 
4 For a review of the hairless and pink-eye genes see Griineberg (6). 
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strain was brought to this country by Dr. F. G. Carnochan of Carworth 
Farms from whom the National Cancer Institute obtained the stock in 
1947. The strain is not highly inbred and has been maintained by 
mating hairless males to the heterozygous haired females because the 
hairless females are poor breeders. Their fertility is low, and when 
they do have young, they seldom give milk because their mammary 
glands are abnormal. The strain is homozygous for pink-eye, but there 
is still segregation of black and brown. Insufficient animals have been 
autopsied to give a more accurate measure of their susceptibility to pul- 
monary tumors beyond the observation that it is comparatively low. 

To produce the backcross generation for the linkage tests, strain A 
females were mated to hairless males, and the resulting F, females were 
in turn mated to the hairless males. In this generation one would expect 
half the animals to be hairless (hr hr), i. e., with both chromosomes marked 
by the hairless gene from the hairless strain and the other half to be 
heterozygous haired (Hr hr), i. e., with one chromosome bearing the haired 
gene from strain A. Half would be homozygous for the pink-eye gene 
(p p) from the hairless stock and half heterozygous for the normal allele 
(P p) from the strain A. Variation between these respective genotypic 
groups in regard to pulmonary tumor development would constitute 
evidence for linkage with the specific gene. 

These backcross animals were individually identified at weaning time, 
classified as to genotype, segregated as to sex, and set aside in wooden 
cages with 8 animals per cage. They were fed a complete diet, the for- 
mula of which has been published by Morris (7), and were given a con- 
stant supply of tap water. 

Twelve cages of mice were selected for injecting when they were between 
2 and 3 months of age. Of these, effective totals of 47 males and 45 
females were injected intravenously each with 0.5 mg. 1,2,5,6-dibenzan- 
thracene dispersed in 0.5 cc. horse serum. Five months later they were 
killed and autopsied, and the fresh lungs were examined under the dis- 
secting microscope for tumors, and the number of nodules appearing on 
the surface of the lungs of each animal was recorded. Final diagnosis 
was made with histologic sections. 

A second group of 35 males and 46 females that were not injected were 
weighed at weekly intervals, and the normal growth curves of the various 
segregant groups were constructed for a period up to 25 weeks of age, 
approximately the age at which the injected animals were killed. 


DISCUSSION OF RESULTS 


A difference in susceptibility to induced pulmonary tumors was found 
between the haired and hairless backcross segregants, the haired being 
more susceptible than the hairless (see table 1). Sixty-six percent of 
the haired mice had nodules at 5 months following the injection, whereas 
only 46 percent of the hairless had nodules. This percentage difference 
alone, however, while suggestive, was not highly significant statistically: 
X?=3.24; P is between 5 and 10 percent. 
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The multiplicity of the nodules in the lungs, however, offers a much 
more delicate measure of differences than do incidences alone. Pulmo- 
nary tumors are unique in this quality which makes them especially valuable 
for assaying potency of carcinogens, effects of size of the carcinogen 
particles, or effects of solvents. The multiplicity of nodules has been of 
especial value in measuring effects of genotypic differences. In this case, 
the mean number of nodules of the haired mice was 2.36 which was 
significantly higher than 0.82, the mean number for the hairless ones; 
t=3.08; P<0.01. 

As with the flexed-tail and the shaker-2 gene, the question still remains 
whether this relationship of the hairless gene is one of true linkage, i. e., 
one in which a susceptibility gene is located on the same chromosome with 
the hairless gene, or is a secondary effect of the hairless gene. In the 
case of the lethal yellow gene, it was evident that the effect was that of 
the lethal yellow gene itself, and it was suggested that the effect on sus- 
ceptibility might be related to its increasing of body size. The larger 
obese yellow mice were more susceptible than were their brown sibs. 

The growth curves in text-figure 1, A, B, suggest that the effect of the 
hairless gene also in some way may be associated with growth as measured 
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TEXT-FIGURE 1, B.—Weight curves of backcross segregents. 


by weight. The hairless segregants which were less susceptible than the 
haired also weighed less than the haired. This difference, however, was 
more apparent in the males than in the females, suggesting that the differ- 
ence in susceptibility might be more pronounced in the males than in the 
females. Such evidence, however, was not found in the data. Further- 
more, there was no sex difference when the groups were combined. The 
tumor incidence for the 47 males was 57 percent with an average of 1.79 
nodules per individual and for the females 58 percent with an average of 
1.62 nodules. 

In connection with the effect of the hairless gene on susceptibility and 
on weight, other physiologic characteristics of the hairless animals should 
be noted. Benedict and Fox (8) found that the upper limit of the zone 
of thermic neutrality for hairless mice was 34° C. as compared with 28.5° 
C. for haired and that heat production per square millimeter of surface 
for 24 hours at the neutral zone was 750 calories for the hairless as compared 
with 640 for the haired. Below 16° C. hairless mice were unable to main- 
tain their body temperature. 

No relationship between tumor susceptibility and the pink-eye gene was 
observed. The tumor incidence of the pink-eyed segregants was 59 per- 
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cent, and the average number of nodules per individual was 1.54, whereas 
56 percent of the segregants with the dominant nonpink-eye allele from 
the strain A had tumors, and their average number of nodules was 1.81. 
In neither case was the difference significant. 

It was noted, furthermore, that the growth curves of the pink-eyed 
segregants were not significantly different from those of the nonpink-eyed 
segregants (text-fig. 1). These findings are not in accord with those of 
Castle, et al. (9) who found that in their cross the pink-eyed mice were 
smaller than the dark-eyed ones. In their data, however, the difference 
was slight. It is thus to be noted that in the backcross described herein 
the gene associated with reduced growth is associated with reduced sus- 
ceptibility, while the gene which in these animals had no detectable effect 
upon growth was not related to susceptibility. 


SUMMARY 


In the backcross resulting from mating the F, hybrids of the high- 
pulmonary-tumor strain A and the low-pulmonary-tumor pink-eyed hair- 
less strain, the hairless (Ar hr) segregants were less susceptible to induced 
pulmonary tumors than were the haired (Hr hr) segregants. There was 
no difference in susceptibility between the pink-eyed (p p) and the non- 
pink-eyed (P p) segregants. 

Growth curves showed that the average weight of the hairless mice was 
less than that of the haired, while there was no difference between the 
average weights of the pink-eyed and the nonpink-eyed segregants. This 
observation is in line with the suggestion that the effect of certain genes 
on susceptibility to pulmonary tumors may be related to a more general 
effect of the genes on growth. 
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INDUCTION OF PULMONARY TUMORS IN 
STRAIN A MICE WITH METHYL-BIS(6- 
CHLOROETHYL) AMINE HYDROCHLO- 
RIDE! 


By W. E. Heston, principal geneticist, National Cancer 
Institute, National Institutes of Health, Public Health 
Service, Bethesda, Md. 


An important link missing in the correlation between mutagenic and 
carcinogenic activity of compounds has been the question of whether or 
not the nitrogen and sulfur mustards are carcinogenic. Certain inves- 
tigators failed to show carcinogenic action, but their tests had not been 
conducted under optimal conditions and were, therefore, inadequate to 
answer the question. 

The mustards are strong mutagens in comparison with other chemicals. 
It was with dichloro-diethyl-sulfide that Auerbach and Robson (1, 2) 
climaxed the long search for a chemical mutagen by showing an increased 
mutation rate in spermatozoa of Drosophila exposed to the sulfur mustard 
vapors. This led to their demonstration of the same property in certain 
of the nitrogen mustards and also to the observation of an increase in 
chromosomal aberrations as well as point mutations (3, 4). Subsequently 
many investigators (5-8) have substantiated these findings not only in 
Drosophila but also in Neurospora and other microorganisms. 

It was with the nitrogen mustard, methyl-bis(8-chloroethyl) amine 
hydrochloride that Demerec (9-11) and coworkers increased the mutation 
rate in Drosophila by applying the chemical as an aerosol. By applying 
the same technique, Demerec was able to show that the known carcinogen 
1,2,5,6-dibenzanthracene was also mutagenic. Subsequently he has 
tested a number of known carcinogens and compared their mutagenic 
capacities with those of closely related chemicals that were known to be 
noncarcinogenic. At the Genetics Congress in Stockholm, Demerec (12) 
reported the testing of four carcinogenic hydrocarbons: 1,2,5,6-diben- 
zanthracene, 20-methylcholanthrene, 3,4-benzpyrene and beta-naphthyl- 
amine, all but the last of which were definitely mutagenic. Of the non- 
carcinogenic hydrocarbons tested (1,2-benzanthracene, anthracene, phenan- 
threne, pyrene, and alpha-naphthylamine) only 1,2-benzanthracene in- 
creased the mutation rate. Of the carcinogenic azo-compounds tested, 
p-hydroxyazobenzene, and p-dimethyl-amino-azobenzene were mutagenic 
while 2-amino-5-azotoluene was not. The noncarcinogenic p-aminoazo- 


1 Received for publication May 27, 1949. 
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benzene was mutagenic while azobenzene, azoxybenzene and p-diethyl- 
aminoazobenzene were not. Thus, of 7 compounds, which under the 
conditions of the tests had been classified as carcinogens, 5 were muta- 
genic, while of 9 closely related compounds, which under the same con- 
ditions had been classified as noncarcinogens, only 2 were mutagenic. 

A positive correlation between carcinogenicity and mutagenicity was 
indicated, and it in turn suggested that, if tested under optimal condi- 
tions, the mustards might also prove to be carcinogenic and, therefore, 
fall in line with the correlation. In the experiment described herein, 
carcinogenic action of methyl-bis(f-chloroethyl) amine hydrochloride was 
demonstrated. 

PROCEDURE AND RESULTS 


Intravenous injection of the material into strain A mice was chosen as 
probably the most delicate test for carcinogenic activity. Ifthe substance 
were at all carcinogenic, one could expect that multiple pulmonary tumors 
would appear and that these would occur at an earlier average age than 
that at which the spontaneous nodules do. Strain A is a well-known 
highly inbred strain that is highly susceptible to the development of 
pulmonary tumors and has been used extensively in studying the action 
of many of the carcinogens on the induction of this type of neoplasm 
(13,14). With this strain it was possible to demonstrate an increase in 
pulmonary tumors by the chronic exposure of the mice to radiation (15). 
Intravenous injection was chosen since, particularly with the hydro- 
carbons, it has proved to be the most effective mode of administration 
for the production of pulmonary tumors. 

It was decided to test first methyl-bis(8-chloroethyl) amine hydro- 
chloride ? because of its high mutagenic capacity, and because, compared 
with sulfur mustard, it is relatively easily handled and injected intra- 
venously and is relatively stable. It is also of particular interest because 
of its recent use in the clinical treatment of neoplasia, particularly certain 
types of leukemia. 

A group of 75 strain A mice consisting of 44 females and 31 males of 
from 2 to 3 months of age were selected and were divided into 37 experi- 
mental and 38 control animals. Those of the experimental group were 
injected intravenously with 0.001 mg. of the nitrogen mustard hydro- 
chloride dissolved in 0.01 cc. distilled water per gram of body weight at 
2-day intervals. Close observation was made of decrease in weight and 
other symptoms of toxicity. Fourteen tolerated 4 injections, but for 
22 the treatment was discontinued after 3 injections, and 1 received only 
2 injections. The controls received 4 injections of distilled water in 
amounts comparable to that of the experimental group. At all times the 
animals were housed in wooden cages with approximately 8 mice to the 
cage. They were fed an adequate, controlled diet and were given a con- 
stant supply of tap water. 


3The methyl-bis(6-chloroethyl) amine hydrochloride was obtained through the courtesy of Merck and Com- 
pany Inc. Rahway, N. J. 
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Subsequent to the injections, both experimental and control groups 
were weighed weekly. After the second injection, those receiving the 
nitrogen mustard began to lose weight and continued to do so for from 1 
to 2 weeks after treatment was discontinued (text-fig.1). After that their 


weight increased but throughout the period of observation did not reach 
that of the controls. 
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DAYS AFTER IST INJECTION 
TEXT-FIGURE 1.—Weight curves of mice injected with nitrogen mustard compared 
with those of controls. 


Thirteen weeks after the first injection, 1 male and 1 female of the 
experimental group and 1 male and 1 female control were killed. Before 
fixation their lungs were examined for nodules with the aid of the dis- 
secting microscope. The female which had received the nitrogen mustard 
had 3 nodules in her lungs and the male had 1, while neither control had 
any. Two weeks later a second group of 2 males and 2 females of the 
experimental and a like number of the control group were killed and 
examined. At this time all 4 of the experimental mice had nodules 
ranging from 1 to 8 in number and 1 of the 4 controls had a single nodule. 
At 16 weeks, 23 experimental and 24 control animals were killed and 
examined. All those that had received the nitrogen mustard had tumors 
ranging from 1 to 8 in number, and nodules were found in only 3 of the 
controls. Two had but a single nodule and 1 had 2. The remaining 8 of 
the experimental mice were set aside along with the remaining 8 controls 
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to observe the appearance of the tumors after a considerable period of 
growth. 

By combining the groups, there was a total of 29 mice that had received 
the nitrogen mustard, and these had a tumor incidence of 100 percent 
with a mean number of nodules of 3.48. Of the 30 combined controls the 
incidence was 13.3 percent, and the mean number of nodules was 0.17 
(table 1). 

A positive correlation between the number of nodules and the number 
of injections was indicated. Of the 23 animals killed and autopsied 16 
weeks after the first injection, 9 had received 4 injections and had a mean 
number of 5.11 nodules, 13 had received 3 injections and had a mean 
number of 2.62 nodules, and 1 had received 2 injections and had 2 nodules. 
The mean number of those that received 4 injections, i. e., a total amount 
of 0.004 mg. per gram of body weight, was significantly greater than that 
of those that received 3 injections, i. e., a total amount of 0.003 mg. per 
gram of body weight; t=3.07, P<0.01. 


TABLE 1.—Pulmonary tumors in strain A mice injected intravenously with methyl-bis(B- 
chloroethyl) amine hydrochloride 


Mice showin: ber of t 
Group Mice dence of 
Number Percent 
Experimental - 29 5 | 5 4 ---| 3] 100] 3.48 


Histologic sections were made for final diagnosis. All the nodules could 
be classified as small adenomas identical in appearance with the early 
stage of the spontaneous pulmonary tumors that occur in the strain and 
with the pulmonary tumors induced in mice by the various other chemical 
carcinogens and radiation. 

After these results were obtained, a repeat experiment was set up. 
Of this lot a sample group of 2 males and 2 females that received 4 
injections of the nitrogen mustard was killed at 14 weeks after the first 
injection, and tumors were found in the lungs of all ranging in number 
from 3 to 10 per individual. It is planned to keep the remaining animals 
of this repeat experiment also, in order to observe the tumors after a 
longer period of growth. 

DISCUSSION 


These results indicate that in the production of pulmonary tumors in 
strain A mice, methyl-bis(8-chloroethyl) amine hydrochloride is a com- 
paratively potent carcinogen. From a total dose of 0.1 mg., one can 
expect tumors in 100 percent of the mice of this strain 16 weeks or less 
following the injections, and one can expect up to 8 or 10 nodules per 
animal. This response is of the same order as that expected from a 
comparable dose of the carcinogenic hydrocarbons (14) or of urethan (16). 
It is a much greater response than that observed following irradiation (18). 
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The carcinogenic property of this nitrogen mustard is particularly 
interesting in the light of its chemotherapeutic use. Its effects closely 
resemble those of urethan in that both have some palliative effect on 
certain leukemias and both increase pulmonary tumors in mice (17-19). 
These effects are in accord with the concept that, in general, carcinogens 
may also be shown to be cancer inhibitors. 

Practical significance that these findings may have on the chemo- 
therapeutic use of nitrogen mustard cannot be fully evaluated at this time. 
The demonstration of a carcinogenic action, however, is not without 
significance, although it should not prevent its use as a chemotherapeutic 
agent any more than the fact that radiation can induce cancer should 
prevent its therapeutic use. 

These findings are of greater value from an experimental point of view 
in throwing light on the possible correlation between mutagenicity and 
carcinogenicity. Demerec’s tests would certainly indicate a positive 
correlation, but Laterjet (20) has published contrary, although less exten- 
sive, findings. The data reported herein add one more compound to the 
list of those showing a positive correlation. 

Sulfur mustard, the chemical with which Auerbach and Robson first 
succeeded in producing mutations, has proved to be an anticarcinogen in 
the experience of Berenblum (21). In his experiments, however, applica- 
tion was made in conjunction with carcinogenic tar on the skin of stock 
mice. It is planned to test sulfur mustard by injecting small quantities 
intravenously into strain A mice. 


SUMMARY 


Methyl-bis(6-chloroethyl) amine hydrochloride has a carcinogenic action 
in producing pulmonary tumors when injected intravenously into strain 
A mice. 

ADDENDUM 


At the National Cancer Conference held in Memphis, Tennessee, Febru- 
ary 25-27, 1949, Dr. Alexander Haddow reported that work of investi- 
gators in the Chester Beatty Laboratory concurrent with and independent 
of that reported herein also had demonstraed carcinogenic activity of 
methyl-bis(8-chloroethyl) amine hydrochloride. 


REFERENCES 


(1) AvrersBacn, C., and Rosson, J. M.: Production of mutations by allyl isothio- 
cyanate. Nature, London 154: 81-82 (1944). 

(2) Aversacs, C., and Rosson, J. M.: Chemical production of mutations. Nature, 
London 157: 302 (1946). 

(3) AvuprBacH, C.: Abnormal segregation after chemical treatment of Drosophila. 
Genetics 32: 3-8 (1947). 

(4) AverBacu, C., Rosson, J. M., and Carr, J. G.: The chemical production of 
mutations. Science 105: 243-247 (1947). 

(5) Tatum, E. L.: Induced biochemical mutations in bacteria. Cold Spring Harbor 
Symp. Quant. Biol. 11: 278-284 (1946). 


4 
; 
ay 
OS 
E 
| 


130 
(6) 
(7) 


(8) 
(9) 
(10) 
(11) 
(12) 
(13) 


(14) 


(14) 


(16) 


(17) 
(18) 
(19) 
(20) 


(21) 


604 (1947). 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


StaHMANN, M. A., and Staurrer, J. F.: Induction of mutants in Penicillium 
notatum by methyl-bis(8-chloroethyl) amine. Science 106: 35-36 (1947). 
McE troy, W. D., Cusnina, J. E., and Miuuer, H.: The induction of biochemical 

mutations in Neurospora crassa by nitrogen mustard, J. Cellular Comp. 
Physiol. 30: 331-346 (1947). 
Horowitz, N. H., Houtawan. M. B., Huncats, M. V., and Wricur, B.:: 
Mustard gas mutations in Neurospora. Science 104: 233-234 (1946). 
Demerec, M.: Mutations in Drosophila induced by a carcinogen. Nature 159: 


: Induction of mutations in Drosophila by dibenzanthracene. Genetics 
33: 337-348 (1948). 

: Mutations induced by carcinogens. Brit. J. Cancer 2: 114-117 
(1948). 

: Chemical mutagens. Proc. 8th International Congress of Genetics. 
Hereditas: Supp. vol. (1949). 

Heston, W. E.: Genetic analysis of susceptibility to induced pulmonary tumors 
in mice. J. Nat. Cancer Inst. 3: 69-78 (1942). 

ANDERVONT, H. B., and Suimxin, M. B.: Biologic testing of carcinogens II. 
Pulmonary-tumor-induction technique. J. Nat. Cancer Inst. 1: 225-239 
(1940). 

Lorenz, E., Heston, W. E., Dertncrer, M. K., and EscHENBRENNER, A. B.: 
Increase in incidence of lung tumors in strain A mice following long-continued 
irradiation with gamma rays. J. Nat. Cancer Inst. 6: 349-353 (1946). 

HensuHaw, P. S., and Myer, H. L.: Minimal number of anesthetic treatments 
with urethane required to induce pulmonary tumors. J. Nat. Cancer Inst. 4: 
523-525 (1944). 

BurcHENAlL, J. H., Myers, W. P. L., Craver, L. F., and Karnorsky, D. A.: 
The nitrogen mustards in the treatment of leukemia. Cancer 2: 1-17 (1949). 

Happow, A., and Sexton, W. A.: Influence of carbamic esters (urethanes) on 
experimental animal tumours. Nature, London 157: 500-503 (1946). 

Law, L. W.: Urethane (ethyl carbamate) therapy in spontaneous leukemias in 
mice. Proc. Nat. Acad. Sci. 33: 204-210 (1947). 

LaTERJET, R.: Production d’une mutation bactérienne par des substances can- 
cérigenes ou non. Compt. rend. Soc. de biol. 142: 453-455 (1948). 

BERENBLUM, I.: The anti-carcinogenic action of dichlorodiethylsulphide (mus- 
tard gas). J. Path. & Bact. 34: 731-746 (1931). 


t 
( 


| 
= 
= 


EFFECTS OF PODOPHYLLIN ON MOUSE SKIN. 
II. CONSIDERATION OF SOME FUNCTIONAL 
ASPECTS ' 


By Lester 8S. Kine, M. D., and W. Cautpwe M. D. 


In an earlier paper in this series (1), the reactions of mouse epidermis 
to a single application of podophyllin were described. Four phases or 
stages were distinguished, designated respectively as early, florid, re- 
generating, and degenerating. These terms were applicable to the epider- 
mis as a whole, since with a single dose the changes over large stretches 
of epithelium were fairly uniform. Further experience indicates the 
importance of still another stage, for which we employ the term acanthosis. 

Our use of this term is different from that in human dermatopathology. 
In mice, acanthosis is employed to indicate a late stage of epidermal 
repair in which there is a broadening of the epidermis with a mild to 
moderate amount of keratin on the surface, abundant keratohyaline 
granules in the granular layer, a well-differentiated prickle-cell layer with 
distinct intercellular bridges, and a fairly clear-cut basal layer (pl. 13, 
fig. 1, B). The basal layer may merge with the cells of the hair follicles. 
In the mouse in contrast with humans, rete pegs are not in question, nor 
is the presence or absence of inflammatory change in any way relevant. 
The change which we call acanthosis is what Cramer and Stowell (2) 
apparently mean by differentiation. 

When, instead of a single application of drug, multiple repeated doses 
are used, a considerable overlap of different stages is encountered. On 
more adequate analysis, therefore, one will distinguish different types of 
alteration in individual cells and will note various modes of combination 
in the epidermis. 

ANALYSIS OF CELL CHANGES 


A number of discrete cellular alterations may be described: 

1. The podophyllin figure (podophyllin cell).—This term covers a variety 
of nuclear alterations, all characterized by distortions of chromatin par- 
ticles in the course of mitosis. Several varieties were illustrated in pre- 
vious papers. In the earlier stages (that is, occurring soonest after an 
application of drug) the cells are small, the chromatin material compact, 

1 Received for publication April 26, 1949. 


? From the Pathology Laboratory of the Illinois Masonic Hospital, Chicago, Ill. 
3 This work was carried out with the aid of a grant from the National Institutes of Health. 
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and the general appearance not too dissimilar from normal prometaphase. 
Later the cells become much larger and the cytoplasm pale and reticulated; 
the chromatin particles exhibit great variation in size and number and 
become widely dispersed, with no equatorial plate or spindle formation. 
Some cells, judging by the number of chromatin particles, are tetraploid. 
The formation of micronuclei, as described previously, is considered to 
be one of the late but inconstant end-stages of the podophyllin cell. 

2. Dedifferentiation.—This termis applied to cellsshowing fundamentally 
an alteration of cytoplasm. The cell body is slightly to moderately 
enlarged, and the cytoplasm is markedly pale with the ordinary hema- 
toxylin and eosin preparations as well as with thionine or other stains 
designed to show basophilic particles. This pallor is very striking even 
under very low magnification. Perinuclear vacuoles may be present in 
the cytoplasm. Cytoplasmic inclusions are occasionally seen. Inter- 
cellular spaces disappear, and cell membranes appear accentuated. 

In such cells nuclear morphology is essentially preserved and may show 
little change. There may be slight enlargement and some accentuation 
of nucleoli but without any of the striking karyokinetic phenomena 
associated with podophyllin (pl. 14, fig. 2, A). 

3. Basophilia, regenerative type ——The stage designated as dedifferen- 
tiated is acute, unstable, and transitory. The usual course is a return 
towards normal. The cell becomes smaller, the intercellular spaces re- 
appear, the cytoplasm is compact, with no vacuoles, and becomes deeply 
basophilic. The nucleus becomes larger, in absolute terms. Generally 
the nucleolus increases considerably in size. 

4. Basophilia, mature type ——This phase is the natural successor of the 
preceding. The cells appear larger, the basophilia of the cytoplasm is 
not so intense yet is considerably greater than normal resting mouse 
epidermis. The nucleoli, although moderately large, do not show the 
same degree of nucleolar prominence as the previous stage. 

This type of change characterizes the prickle-cell layer of acanthotic 
mouse epidermis (fig. 1, B). It is in no sense an alteration specific to 
podophyllin or kindred drugs but may be seen in any condition resulting 
in acanthosis. Methylcholanthrene, for example, will also produce such 
cells, as will other nonspecific irritation. It is a relatively stable type of 
cell, in contrast to the preceding types and only gradually disappears as 
epidermis returns to the normal two-cell thickness. Under the influence 
of podophyllin, the transitions between regenerative basophilia and 
mature basophilia are readily observed. 

5. Basophilia, aging type.—This, in turn, is the natural successor of the 
preceding stage and is the term ordinarily applied to the surface layers 
of acanthotic epidermis. Such cells are flattened, with moderately baso- 
philic cytoplasm containing variable numbers of keratohyaline granules. 
The nuclei are smaller than in the lower portions of epidermis. 

In general this type constitutes the granular layer of the epidermis 
seen in acanthosis from whatever cause, and is not specific for podophyllin. 
Nevertheless, under the influence of podophyllin these flattened ageing 
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basophilic cells seen at the surface need not contain any keratohyaline 
granules. They may sometimes arise, we believe, directly from dedif- 
ferentiated surface cells without passing through any transitional form 
of mature basophilia. 

6. Degeneration.—In cells undergoing degeneration, cytoplasmic baso- 
philia does not reappear following the dedifferentiated phase. Instead, 
the cytoplasm continues pale, is voluminous and usually reticulated. A 
curious shade of purplish-red may be evidenced with hematoxylin-eosin 
stains not observed in other types of cells. The nucleus may be large or 
small, in absolute terms, but is almost always small in relation to the 
amount of cytoplasm. This type of cell change is the precursor of necrosis 
and epidermal sloughing, as described in an earlier paper (1). 

Individual cell changes in podophyllin activity can in general be sub- 
sumed under one or another of these categories. Various transitional 
forms, which need not be considered here, are observed. This schema 
applies to cells which undergo a physiopathological progression. A sep- 
arate category could be set up for the occasional cell which is mummified 
or arrested in some phase of the podophyllin figure and does not either 
progress or regress (e. g., fig. 4, A of previous paper (1)). Consideration 
of such cells is not germane at present. 

In the types considered above, numbers 1, 2, 3, and 6 characterize acute 
podophyllin effect. Types 4 and 5 are entirely nonspecific and can be 
caused by a wide variety of irritants. 

What we designate as the early stage represents types 1 and 2, that is, 
podophyllin cells (early form) and dedifferentiation or sometimes dedif- 
ferentiation alone. The florid stage (fig. 1, A) is seen to consist of early 
and late podophyllin figures mingled with some degeneration and possibly 
some basophilia of regenerative type. The reparative phase consists of 
abundant basophilic regenerative type, together with some persisting 
dedifferentiation and some basophilia of mature and aging types. This 
stage gradually passes over into frank acanthosis as defined above. The 
degenerative stage shows an overwhelming predominance of type 6 or 
degenerative cells. 


EFFECT OF MULTIPLE APPLICATIONS 


The animals used and the general techniques employed are the same as 
described in the previous paper (1). 

When podophyllotoxin in 0.5-percent concentration (or podophyllin 
resin in 20-percent strength in vaseline) is applied daily for 4 to 5 days, 
there is an intensely cumulative effect with severe degenerative changes. 
Large portions of epidermis slough, forming ulcers with raw corium which 
becomes readily infected. Where slough does not occur, the epidermis 
is frequently loosened, with an exfoliative tendency. This suggests a 
solution, depolymerization, or other involvement of the basement mem- 
brane. The epithelial cells show marked enlargement of the cytoplasm 
with reticulation, vesiculation, and pallor, while the nuclei, although en- 
larged, are not enlarged in proportion to the cytoplasm. Some nuclei 
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are pycnotic. Podophyllin figures are usually not numerous in the 
severely degenerated areas. Keratohyaline granules are scanty or absent. 

Some portions of epidermis, especially at the margins of exfoliative 
areas, may present a very florid change with micronuclei and podophyllin 
figures and an overwhelming predominance of cell types 1 and 2. Some 
fields present an intermingling with type 6 or degenerating forms. There 
may rarely be some acanthosis at the margins of treated areas and at the 
margins of ulcers. Inflammatory changes in the corium are pronounced. 
It is apparent that quickly repeated doses of podophyllin or podophyllo- 
toxin exert a cumulative degenerative effect on epidermis, leading to ir- 
reversible changes in the tissues as a whole, and subsequent destruction. 
Less severely involved portions may exhibit only florid changes, with 
possibilities of recovery. Quickly repeated doses thus represent an in- 
tensification of the action of a single dose. 

If necrosis is to be avoided, multiple applications must be adequately 
spaced. Several series of animals, each comprising from 10 to 40 mice, 
were treated with podophyllotoxin applied with a camel-hair brush, twice 
a week. The usual strength was 0.5 percent concentration in alcohol. 
Special series included ascending concentrations in alcohol from 0.06 
percent, increasing gradually to 0.5 percent; saturated solution of podo- 
phyllotoxin in benzol (0.06 percent) ; and others described below. Animals 
received varying numbers of paintings, up to 58, although most animals 
were killed after 15 to 30 treatments. In some long-term series, a week’s 
painting was omitted because of the toxic condition of the animals. Mice 
were killed at various stages in the earlier experiments, but since the most 
illuminating preparations were obtained 24 and 48 hours after the last 
application, these intervals were employed routinely in later experiments. 
Results are based on the histological study of about 150 mice. 

In series receiving repeated applications of uniform or of ascending 
concentration, animals killed 10 days to 2 weeks after the last dose re- 
vealed only slight to moderate acanthosis and variable amounts of scarring 
in the corium. Usually the epidermis had returned to its usual two- 
celled thickness. From 4 to 6 days after the last dose, the epidermis was 
generally more prominent, but specific podophyllin effects as described 
previously were very inconspicuous. Some excess of keratin was present, 
and in the basal layer normal mitotic figures were more numerous than 
is seen in normal skin. Some moderately enlarged basal nuclei and hyper- 
chromatic cells were visible. 

When the interval after the last painting was reduced to 3 days, in- 
crease in normal mitotic figures, rare podophyllin cells, and regenerative 
basophilia, coupled with some nonspecific acanthosis, were observed. 
The most instructive preparations, however, were obtained 24 and 48 
hours after the last painting, and the following descriptions and interpre- 
tations were based entirely on these intervals. 

Three types of results may be distinguished. In the first, there appears 
to be definite evidence of adaptation to the drug with loss of reactivity. 
In the skin receiving repeated brush-paintings, the central area is most 
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constantly exposed to the action of the drug. In about 25 percent of 
animals, the central portion shows extensive acanthosis with no acute or 
specific podophyllin effect, as if the thickened epidermis had become com- 
pletely resistant to the effect of podophyllin. That the application was 
potent is shown, however, by abundant acute or florid effect (cell types 
1,2, and 3) at the margins of the painted area. This type of reaction is 
illustrated in figure 1, where B represents a field from the center of the 
painted zone and A a field from the margin near the junction with normal 
epidermis. 

In a second type of alteration, instead of a nonreactive central acan- 
thotic zone almost the entire painted area may present extensive podo- 
phyllin effect, of diffuse and essentially acute nature, roughly comparable 
to a first painting on normal skin. The appearance was that of virtually 
complete lack of adaptation. This was seen especially when benzol was 
the solvent for podophyllotoxin but was also observed with alcohol as 
the medium. The repeated applications in many instances produced a 
severe effect on the corium, with dense scarring and loss of hair follicles. 
The overlying epidermis, however, was persistently sensitive to the drug. 

The majority of mice revealed, 24-48 hours after the last application, 
a patchy, spotty, irregular alternation of acutely reactive cells and mild, 
nonreactive acanthosis. The appearance suggested that some cell groups 
had acquired a certain degree of resistance or adaptation to the drug 
while other adjacent portions remained reactive. 

To resolve the contradictions, two experiments were carried out. In 
the first, acanthosis was produced by methylcholanthrene (0.3 percent 
in acetone). Two applications, 3 days apart, were adequate to produce 
a broadening of the epidermis, entirely comparable to that seen in figure 
1, A. Three days after the second application, one-half of the treated 
area was painted with podophyllotoxin, and the animals were killed 48 
hours later. A florid podophyllin effect was produced in the painted zone, 
similar to that described in the first paper of this series. It is clear that 
acanthotic epidermis is sensitive to the action of podophyllin and is capable 
of exhibiting specific podophyllin effect. 

In a second experiment, a series of mice was treated with repeated 
applications of podophyllotoxin in 0.1-percent concentration in alcohol. 
After 15 to 20 treatments, productive of satisfactory acanthosis, a single 
application of 0.5-percent podophyllotoxin was made on one-half the 
painted area, 3 days after the last weaker dose. Animals were killed 24 
and 48 hours later. Vigorous reaction, generally of the florid type (fig. 1, 
B) was produced by the strong dose. 

The conclusions are that acanthosis produced by nonspecific means 
(methylcholanthrene) is fully sensitive to the action of podophyllotoxin; 
further, that acanthosis caused by podophyllotoxin itself may be sensitive 
to further action of the drug, especially when acting in stronger concen- 
tration. 

Why some instances of repeated applications show only marginal effect, 
that is, inactivity in the center but florid effect at the margins, is not easy 
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to determine. The possibility suggested itself that the effective concen- 
tration of the drug acting on the skin might vary because of differences in 
pressure of the brush stroke. To eliminate this possibility, the following 
experiment was performed. A series of mice was epilated on the back, 
and 1 minim of alcoholic podophyllotoxin solution (0.4 percent) was 
allowed to drop on this area and to spread by capillary attraction only. 
Even spread of alcoholic solution was readily observable. This dropwise 
application was repeated twice a week 6-18 times, with occasional re-epila- 
tion when necessary. Simultaneous with the last application on the back, 
1 minim was dropped on a fresh area of the rump, previously epilated. 
Both areas were removed 48 hours later. 

In areas of the upper back receiving repeated dropwise doses, the acan- 
thosis was generally less than when repeated applications were made with 
a brush. Also, the degree of florid change was less than with brush appli- 
cation. With these differences, however, there was essential similarity to 
the earlier experiments. That is, the same types of variation were noticed 
after drug was simply dropped on as when brush pressure was used. Some 
cases showed central acanthosis with marginal fresh change. Others 
showed small central zones of florid change while the peripheral 
portions were acanthotic or nonreactive. Other animals revealed patchy 
alternation of podophyllin reaction with nonreactive zones. In some 
mice the back area was almost identical with the rump which received 
but a single dose. 

Our studies indicate that patchy alternation, as well as marginal activity, 
do not represent merely technical inequalities from variations of applica- 
tion. Instead, it appears that in some animals portions of epidermis 
may exhibit a degree of acquired resistance to repeated applications. 
This resistance is relative only and can be broken down by sufficient 
intensity of drug. The nature of the resistance is not clear. 


REGENERATION 


Since podophyllin exerts such marked effect on normal skin, the problem 
arose as to what result the drug would have on the regeneration of epider- 
mis following surgical incision. Investigations were carried out to throw 
light on this problem. Mice were epilated over the back, and 48 hours 
later an incision about 1.5 cm. in length was made between the scapulae. 
The incision was immediately sutured. Initial experiments showed that 
in untreated animals the gap in the epidermis was completely bridged 
over in 48 to 72 hours, the regenerated epithelium coming in part from 
the necks of subjacent hair follicles, in part from lateral growth from the 
interrupted surface. 

Experimental animals, 90 in number, of which 42 were controls, were 
similarly treated. Immediately after the incision, 48 mice were painted 
with 0.4-percent podophyllotoxin in 95-percent alcohol, the brush stroke 
passing directly over the wound. The 42 controls were similarly painted 
with 95-percent alcohol alone. Mice were killed at intervals of 8 hours to 
10 days, the great majority between 48 and 96 hours after the operation. 
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Whereas the alcohol-painted controls showed results very similar to the 
previously-studied unpainted controls, the podophyllotoxin animals re- 
vealed marked increase in the amount of inflammatory reaction in the 
corium. Correspondingly, the incisions were slower in healing. 

By 48 and 72 hours, instead of a complete epidermal covering, the sur- 
face was frequently covered by a fibrinoid mass intermingled with leu- 
cocytes. Tongues of epithelium grew under this exudate; or, in its absence, 
the defect in the tissue showed abundant leucocytic infiltration in the 
depths, with thin layers of epidermis penetrating downward to line the 
defect. The picture at 48 hours, and occasionally 72, was generally com- 
parable to the 24-hour alcohol-painted control. It was only at about 
96 hours, following podophyllotoxin, that the degree of healing approxi- 
mated the 48-hour alcohol controls. 

The part which very low-grade surface infection may have played in 
delaying the healing of wounds is problematical but probably minimal. 
Grossly, the wounds appeared clean, although more crusting was noted in 
treated animals than in controls. It was considered undesirable to cover 
the painted area, because this intensified the action of podophyllin to too 
great a degree. It was felt that the significant feature was the character 
of the epithelial new growth, rather than the actual area covered by re- 
generating cells. 

In the podophyllotoxin-painted animals the regenerating tongues of 
epithelium, regardless of whether they completely bridged the surgical 
gap, showed great similarity to normal or alcohol-treated controls. In 
the latter the regenerating cells are small, flattened, dark staining, and 
generally discrete. That is, intercellular spaces are still observable in 
the proliferating stretches of epithelium. Some vacuolation may be 
apparent in the cytoplasm, but the cells are usually sharply individualized. 

Although regenerating epithelium under the influence of podophyllo- 
toxin was generally quite indistinguishable from controls, some differences 
were observable. The flattened proliferating cells sometimes showed 
a purplish tinge to the cytoplasm, more severe flattening than normal, 
and a distinct loss of cellular individuality. The thin sheets of cells 
appeared to be almost a surface syncytium with loss of cellular boundaries 
(pl. 15, fig. 3). This appearance is similar to certain of the degenerating 
cell forms described previously. 

Surface epithelium adjacent to the wound margins always showed 
abundant florid podophyllin effect. The regenerating cells dipping down 
into the defect, with partial or complete bridging of the gap, virtually 
never showed any of the acute podophyllin changes as described under 
types 1 and 2. Of the actively regenerating epithelium only one cell in 
all the preparations examined revealed a podophyllin figure. The re- 
mainder, as noted above, exhibited a normal morphological range, or else 
a syncytiumlike degenerative appearance, or occasionally some mild 
plump swelling. Rare cells showed nuclear enlargement or hyperchro- 
matism but so infrequently that this phenomenon could not be evaluated. 
It is probable that under the conditions of the experiments the actively 
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regenerating epithelium, in the wound area, was only minimally influenced 
by podophyllin, whose effective concentration here must have been 
very small. 

As a check on the results of inflammation per se on regenerating epi- 
thelium, a small series of 10 mice was subjected to the following treatment. 
After epilation, the usual incision was made and sutured. The skin was 
then painted with xylol, as a nonspecific irritant. Four of the ten received 
a second painting 24 hours later. All animals were killed 48 hours after 
operation. In this group, healing was delayed to a degree comparable 
to the podophyllin group. With xylol, the tongues of regenerating epi- 
thelium showed individualized cells that were generally plump and 
swollen rather than flattened as with podophyllin. 

These preliminary observations suggest certain conclusions: Under the 
conditions of the experiments, the application of podophyllotoxin delays 
the healing of wounds. This is largely due to the inflammatory reaction 
induced by the drug. The regenerating epithelium does not show acute 
podophyllin changes, although such changes are abundantly evident 
elsewhere on the epidermis. Instead, the regenerating epithelium is 
surprisingly like normal controls, except for a tendency towards fusion of 
cells and loss of individuality, interpreted as a degenerative phenomenon. 


QUANTITATIVE STUDIES ON MITOSIS 


The preceding observations have necessarily been essentially qualita- 
tive in nature. For quantitative studies, multiple applications offer too 
many variables, but a single application of the drug yields consistent re- 
sults that allow exact analysis. The problem to be investigated con- 
cerns the fundamental mode of action of podophyllin on nuclei. 

For the study of this problem the whole-mount technique described by 
Cowdry (3) was employed. 

Ear epithelium was chosen for two reasons: It lends itself readily to 
whole-mount preparation because the hair follicles are smaller and fewer 
than elsewhere; and it is consistently thin, permitting the full thickness 
of cells to be observed with the oil-immersion objective. 

Immature Swiss albino female mice (Rockland Farms) averaging 19 gm. 
in weight, were placed in clean unused receptacles immediately upon re- 
ceipt, to avoid any chance contamination with the drug. Experimental 
animals were painted on the inner and outer aspect of each ear with 
20-percent podophyllin resin in alcohol, employing a single brush stroke. 
This provided for relative quantitative uniformity in dosage. 

The mice were treated and killed between 10 a. m. and 12 noon because 
of the diurnal mitotic variation demonstrated to be at maximal intensity 
in the late morning hours (4, 4). 

The right ears of both controls and painted mice were immersed in cold 
1-percent aqueous solution of acetic acid, and the left ears were fixed in 
10-percent formalin. After 24 hours in cold acetic acid, the surface epi- 
thelium was (1) removed en plaque with teasing needle and forceps, 
(2) washed in water, (3) stained in iron-hematoxylin, (4) differentiated 
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with phosphotungstic acid, and (5) mounted with the follicle-bearing 
surface uppermost. ‘The formalin-fixed ears were embedded in paraffin 
and stained with hematoxylin and eosin, providing a rough comparison 
with the whole-mount findings. 

Whole-mount preparations were examined under the oil-immersion 
objective at a magnification of 950 diameters. A total of 5,000 nuclei 
was counted on each suitable specimen. The process of counting was 
facilitated by a ruled square inserted into the ocular, providing an area 
of 0.00526 sq. mm. Counts were initiated in and carried across the 
basal portion of each ear and thereafter in parallel linear fashion toward 
the tip. After the nuclei occupying the area of the square were counted, 
an equivalent area was bypassed before further counts were made. In 
this way a fair sampling of the cell population of the whole mount was 
obtained. The necks of hair follicles could be easily distinguished and 
were carefully avoided in the areas counted. 


UNTREATED CONTROL 


Monotonous expanses of epithelial nuclei in the interphase (resting) 
stage were encountered in all preparations. The thinness of the epidermis 
permitted fairly accurate identification of strata: A mosaic pattern 
provided by the superficial, flattened differentiated cells with relatively 
large pale nuclei; and a basal layer of smaller cells with poorly defined 
cytoplasm and deeply basophilic nuclei. Both types were included in 
the total count. 

An average of 40 unit areas (employing the ruled ocular square), each 
containing an average of 124 nuclei, was surveyed in obtaining 5,000 nuclei 
in each whole-mount preparation. Nuclei, rather than cells, were counted, 
because of the indefinite cytoplasmic boundaries in the basal layer. 

Mitotic figures were observed in 0.04 percent of total (40,000) nuclei 
(table 1). These were rather evenly distributed among the chromosomal 
phases (table 2). Prophase, which according to direct observations of 
Lewis (6) occupied more than half of the time expended in the mitotic 
process, accounted for only 4 of the 17 nuclei in mitoses. Prometaphase, 
metaphase, and anaphase were each represented by 5 examples. 

The paucity of mitoses in our material is in contrast to the findings of 
Cooper and Franklin (4) and Reller and Cooper (7) who used similar 
technique. These authors obtained mitotic indices with averages of 
0.11-0.14 and 0.11 percent, respectively. Their use of smaller more 
immature mice of different strains, together with imponderable individual 
variations, may account to some extent for differences observed. 


TwENTy-FouR Hours 


Twenty-four hours after drug application, striking cytologic changes 
were apparent in the whole-mount preparations, with great increase in 
numbers of mitotic figures. What is called the podophyllin cell, in 
paraffin section, cannot be accurately distinguished in whole mounts from 
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the more usual metaphase figures. In paraffin sections the cytoplasm of 
the podophyllin cells is delicately reticulated, an appearance which cannot 
be discriminated in whole mounts. The chromatin material, in whole 
mounts, is represented by discrete, short, plump, occasionally vibriolike 
rods, occupying the center of the cell in apparent disorder. The dis- 
creteness and separation of chromatin particles seen in thin paraffin 
sections is not so apparent in whole mounts. No clear-cut distinction, 
in our material, can be made between prometaphase and podophyllin 
cells, so that all of these figures are lumped together in the former category 
(table 2). Spindle formation is not observed in this stage. 


TABLE 1.—Mitoses in epidermis (ear) of Swiss Albino female mice 


Mitoses Mitoses Mitoses 

Mouse No. | in 5,000 | Mitoses | Mouse No. in 5,000 | Mitoses| Mouse No. in 5,000 Mitoses 
nuclei nuclei nuclei 

Number | Percent Number | Percent Number Percent 
1 126 AG 1, 025 20. 50 
1 _ 113 1, 041 20. 82 
1 111 ¢ 681 13. 62 
Average--- 1. 87 934. 4) 18. 68 


TABLE 2.—Analysis of total’mitoses in epidermis (ear) of Swiss Albino female mice 


24 hours after 20-per- | 48 hours after 20-per- 
Normal control h 
Chromosomal phases (40,000 nuclei) yllin 
Number Percent Number Percent Number Percent 

ees +t 23. 0 93 8. 45 92 1.4 
Prometaphase --__-------- 3 17.5 993 | 90.2 6, 431 98. 3 
Metaphase............-.. 2 12.0 11 1.0 7 ae 
SE 5 30. 0 4 . 85 12 .18 

3 17.5 0 0 0 0 


The distinction between prophase and prometaphase in the whole- 
mount preparation is made chiefly on the basis of the nuclear membrane. 
In prophase, the nuclear membrane is present, whereas it is lacking in the 
prometaphase. The character of the chromatin material may be quite 
similar in both stages and, therefore, provides no consistent or reliable 
distinguishing feature. Mature metaphase is readily recognized by the 
solid barlike orientation of the chromatin material near the center of the 
cell in company with the characteristic spindle. The mitotic spindle is 
not recognizable in prometaphase or in the so-called podophyllin cell. 
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At 24 hours, the average number of mitoses increased to 110 per 5,000 
nuclei, or 2.2 percent of total nuclei counted, representing an increment 
55 times that occurring in the controls (table 1). The average number 
of nuclei per unit area increased to 151, as compared with 124 in the con- 
trols. This indicates an absolute increase in number of nucleated cells, 
with thickening of the epidermis but without significant increase in overall 
size of individual cells. This epidermal thickening is actually observed 
in the corresponding paraffin sections. 

Examination of table 2 reveals a remarkable redistribution of mitotic 
phases in sharp contrast to the pattern determined for normal epithelium. 
Prophase is represented by 8.45 percent and the combined prometaphase- 
podophyllin cell form by 90.2 percent of activated nuclei in a total of 
50,000 counted. 


Forty-£1GHT Hours 


Forty-eight hours after application of the drug, an augmentation of 
mitoses developed with 18.7 percent of the nuclei involved. This repre- 
sented an average of 934 mitotic figures per 5,000 nuclei, an increase of 9 
times over the incidence at 24 hours and of 467 times over the normal 
controls (table 1). It is interesting to note that the average number of 
nuclei per unit area at 48 hours (125) and the average number of fields 
per 5,000 nuclei at the 48-hour stage (0.209 sq. mm.) are closely comparable 
to those values in the normal controls. Comparison of these data in the 
various preparations indicates that at 24 hours there is actual increase in 
thickness of the epidermis without significant increase in dimensions of the 
cells; the return of quantitative values in the 48-hour specimens to those 
of the normal controls, in the presence of known increased thickness of 
the epithelium (as witnessed at 24 hours and corroborated by paraffin 
sections) indicates increase in size of the participating cells. 

The prometaphase-podophyllin cell stage accounts for 98.3 percent of 
total mitoses at 48 hours. This chromosomal pattern (prometaphase), so 
overwhelmingly preponderant, represents, actually, a fleeting interval in 
normal nuclear activity. 

We have derived no data from this experiment concerning the duration 
of mitosis of epidermal cells. Studies on actively growing cells of rat 
sarcoma and normal chick mesenchyma indicate the average duration to 
be approximately 1 hour (6, 8, 9, 10). In the rapidly growing mesen- 
chyma cells of the chicken implanted on artificial media, prophase was 
found to range from 30-60 minutes, metaphase 2-10 minutes, anaphase 
2-3 minutes, and telophase 3-12 minutes, with the interphase occupying 
30-120 minutes. 

For discussion’s sake, let us assume that the duration of mitosis in mouse 
epithelium in vivo is the same as that of mesenchymal tissue in vitro, i. e., 
1 hour. Actually, the former is probably much longer. It has been 
shown by several investigators that there is some diurnal variation in 
hourly counts of mitotic figures and that the maximum number of mitoses 
is observed between 10 a. m. and noon. Our finding of 17 mitoses per 
40,000 nuclei well distributed through the different phases represents a 
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maximum for the entire day. Even assuming this figure to be the average 
hourly number, we would expect no more than 17 X 24 or 408 mitoses per 
day. If podophyllin exerted a purely inhibitory effect, we could expect 
to find a maximum of 408 mitoses per 40,000 nuclei 24 hours after the 
application of the drug. Actually, with 1,101 mitoses counted in 50,000 
nuclei, a calculation on the basis of 40,000 gives a corrected figure of 880, 
over twice the expected number. At the end of 48 hours, the proportion 
of mitoses should not exceed twice the number observed at 24 hours. 
That is, with inhibition alone there would be expected a simple arithmeti- 
cal progression to a maximum of 816 mitoses per 40,000 nuclei. The 
observed number of 6,542 per 35,000 nuclei, yields, by calculation, 7,477 
mitoses per 40,000 or over 9 times the expected number. 

It will be noted that our incidence of mitoses in normal mouse epithe- 
lium is approximately one-third the figure given by other authors. If, 
for the sake of further discussion, their mitotic incidence is used for cal- 
culations, our results after 24 hours of drug action could be accounted for 
by simple inhibition; but after 48 hours the observed values would be 
more than three times too great for any such explanation. 

Regardless of whether we use our values for normal incidence of mitosis 
or figures given in the literature for mice of other strains and ages, our 
results appear to offer one explanation. Podophyllin has a dual action: 
It stimulates the initiation of mitosis, and it also inhibits the completion 
of mitosis. This inhibitory action is accompanied by frequent distortions 
of the chromosomal pattern, giving rise to the so-called podophyllin fig- 
ures. The few late metaphase and anaphase stages suggest an escape of 
some cells from the effect of the drug. 

Other quantitative work employing colchicine (11-14) has not indi- 
cated any stimulating effect. However, the effective concentration used 
in these experiments was much smaller than the concentration of podo- 
phyllin applied to the epidermis so that the results are not entirely com- 
parable. Our results agree with the findings of Dustin (15), who con- 
cluded that colchicine stimulated cell division and then arrested it at the 
metaphase. 

SOME MECHANISMS OF ACTION 


Our studies indicate two distinct mechanisms of action following 
podophyllin application affecting the nucleus and cytoplasm. The 
action on the nucleus is similar to that of colchicine. From data pre- 
sented here, we believe that podophyllin can incite to mitosis, while at 
the same time inhibiting its completion and disorganizing its course. 
The action on the nucleus is referred to as constituting the podophyllin 
cell, described in greater detail in previous publications. 

The action on the cytoplasm is most acute and striking in what we call 
dedifferentiation (type 2) (fig. 2, A). This may be accompanied by 
negligible to moderate nuclear alteration. A disturbance of ribonucleic 
acid metabolism is probably correlated with loss of basophilic material. 
A similar pallor of cytoplasm can be produced in vitro by treating sec- 
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tions with ribonuclease. Imbibition and binding of water by the altered 
proteins may be responsible for the swelling. The nature of the promi- 
nent cell membrane and its relation to ground substance is at present not 
known but is being actively investigated in this laboratory. 

Two variables, at least, are at work. One is the effective concentration 
of the drug acting on an individual cell. With the techniques used we 
may not assume that in any given painted area the effective acting con- 
centration of drug is the same for all cells. Yet experiments with solu- 
tions of varying strength reveal that florid changes may be produced by 
very weak concentrations as well as by strong applications. Difference in 
behavior between closely adjacent cells is, therefore, not necessarily merely 
a difference in effective concentration. 

A second variable is the state of reactivity of any given cell. An ob- 
vious example is the occurrence of podophyllin cells only in the basal 
layers of the epidermis. The upper layers are apparently incapable of 
mitotic activity. However, all cells can show alteration of the cytoplasm 
by dedifferentiation. A few special examples may be described in detail. 

Vigorous acanthosis, well differentiated, can be reduced to a virtually 
uniform level of dedifferentiation. For example, mouse 557 received two 
applications of methylcholanthrene, 3 days apart. Four days after the 
second dose, when the epidermis was well thickened, a single application 
of podophyllotoxin was made, and the animal was killed 24 hours later. 
As shown in figure 2, A, all the cells show essentially uniform cytoplasmic 
changes with minimal nuclear alterations. The basal layer, indeed, has 
a few persisting intercellular spaces, while the granular layer still exhibits 
a few keratohyalin layers. But the over-all picture can be designated as 
full-thickness pallor or dedifferentiation. 

By direct contrast, mouse 560 received 15 applications of weak podo- 
phyllotoxin, 0.1 percent in alcohol, over 7% weeks. Then a single paint- 
ing with 0.5-percent strength was given, with examination 48 hours later. 
By contrast with the above, the upper layers (fig. 2, B) showed marked 
basophilia of the aging type, while the basal layers revealed severe pallor 
and dedifferentiation. This type of change may be designated as split 
reaction. 

A third type of reaction is seen in figure 2, C. Mouse No. 630 re- 
ceived, twice a week, multiple doses of ascending concentration, 8 of 0.06 
percent, 8 of 0.2 percent, and 7 of 0.4 percent. The animal was killed 48 
hours after the last painting. Here is, in general, a florid reaction with 
severe dedifferentiation of the uppermost and lowermost layers. But 
mid-zonally is a group of resistant cells showing prominent basophilia of 
the regenerative type. 

In these three examples there is no question of penetration of the drug 
nor variations in dosage. The occurrence of cellular change in the most 
basal portion indicates that the drug necessarily passed through the 
uppermost layers. Yet in one instance the entire epidermis revealed 
uniform change, in a second the basal portion was sharply marked off 
from the surface, while in the third a mid-zonal group of cells showed a 
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variation from both upper and lower layers. The only reasonable expla- 
nation lies in the altered state of reactivity of the various cell groups. 

There is suggestive evidence that cells in the state called basophilia 
regenerative type are less susceptible to the action of podophyllin than 
are the more resting types. Furthermore, the basophilia of aging type 
seems also more resistant to the drug. It is our experience, however, 
that by a sufficient intensity of drug concentration, such resistances can 
be broken down. Further cytochemical study is necessary to define 
more clearly the factors at work. 

In our opinion the significant action of podophyllin is on the enzyme 
systems of the cytoplasm. Alterations of nuclear volume, chromatin 
pattern, and nucleolar constitution can be correlated with the cytoplasmic 
change, representing a result of interaction between injured cytoplasm 
and nuclear control or regulation. Such nuclear changes should be dis- 
tinguished from the mitotic distortions which we designate as podophyllin 
figures, wherein the drug acts primarily on the nucleus and in which 
cytoplasmic changes are secondary. 


CONCLUSIONS 


Podophyllin exerts a dual action on cells, affecting the nucleus and the 
cytoplasm. The former produces the podophyllin cell, the latter what we 
have called dedifferentiation. The nuclear action is such as to incite 
mitotic activity and at the same time to arrest mitoses in metaphase. 
The cytoplasmic effect is more important and is primarily responsible for 
the curative action of the drug on condylomata acuminata. It is believed 
that this effect is produced through interference with ribonucleic acid 
metabolism. 

Sufficient concentration of drug is lethal to cells. In some mice under 
the influence of repeated doses adequately spaced, adaptation to the 
effects of podophyllin can be produced. This adaptation is only relative 
and can be broken down by sufficient effective concentration of the drug. 

Podophyllin interferes with wound healing primarily through the in- 
flammatory reaction provoked in the underlying corium. However, 
actively regenerating epithelium shows only minor qualitative changes 
from the normal even though the remainder of the epidermis shows florid 
podophyllin effect. 

The reaction of any given cell is dependent on two variables, the effective 
concentration of drugand the physiological state of the cell. Thereisevidence 
suggesting that cells showing regenerative phenomena, such as the repara- 
tive stage known as basophilia, regenerative type, are less sensitive to the 
drug. Aging or senescent cells are also less sensitive. The determina- 
tion of exact cytological phenomena governing the types of response 
remains a problem for the future. 


{ 
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Ficure 1.—Two different fields from the same microscopic section of a mouse killed 
48 hours after receiving the last of 54 successive applications of podophyllotoxin. 
A, From the margin of the painted zone, illustrating acute podophyllin effect char- 
acteristic of the florid reaction. 640. B, from the central portion of the painted 
skin. Acute podophyllin changes are absent. There is well-marked acanthosis, 
as defined in the text. By contrast with A, B illustrates adaptation to the drug. 
< 640. All figures are at the same magnification and can be compared directly. 


IO 


- 

| 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 10 PLATE 13 


aA 


PLaTE 14 


Ficure 2.—Different types of cytoplasmic change under the influence of podophyllo- 
toxin, as described in the text. A, Dedifferentiation throughout the entire breadth 
of the epidermis. X 640. B, The so-called split reaction, with the upper layers 
of epidermis showing basophilia of aging type and the basal portions showing de- 
differentiation. The upper layers are resistant to the acute effects of podophyllin; 
the basal layers are reactive. 640. C, A mid-zonal reaction. Uppermost and 
lowermost portions of epidermis show predominantly cedifferentiation. In the 
center is a clump of epithelium in the stage of basophilia regenerative type. 640. 
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Ficure 3.—Regenerating epithelium along the edge of surgical incision which was 
painted with podophyllotoxin immediately after surgery. The epithelium is flat 
and pale with poorly defined cytoplasmic boundaries. The nuclei are small. No 
nuclear effect of podophyllin is apparent, but the cytoplasmic changes are suggestive 
of dedifferentiation as described in the text. 640. 
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MORBID ANATOMY, HISTOPATHOLOGY, 
AND HISTOPATHOGENESIS OF FORE- 
STOMACH CARCINOMA IN MICE FED 
CARCINOGENIC HYDROCARBONS IN OIL 
EMULSIONS 


By Haroitp L. Stewart and Econ Lorenz, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Bethesda, Md. 


The present study is based upon the pathological material from 425 
experimental and 142 control mice which were employed in experiments 
designed to induce gastrointestinal cancer. The experimental procedures 
and the results have been reported previously (1, 2, 3, 4,5). Carcinoma 
of the forestomach developed in 71 of the 425 mice which received, instead 
of drinking water, an aqueous olive oil or mineral oil emulsion containing 
20-methylcholanthrene or 1,2,5,6-dibenzanthracene. Many of the ex- 
perimental mice with and without carcinoma exhibited acanthosis, 
hyperkeratosis, papilloma, and nearocarcinoma.? Since an important 
means of attack upon the cancer problem centers about the conversion 
of normal cells to neoplasm, the material available from these experiments 
affords an excellent opportunity to recognize and to follow the early 
neoplastic transformation in the forestomach mucosa. In addition, the 
morbid anatomy and histologic features of the forestomach carcinomas 
are presented, together with the findings in 142 control mice. 


MATERIALS AND METHODS 


The composition of the emulsions, method of administration, and 
other details of the experiments, as well as results, are given in previous 
publications (3, 5). 

The mice were divided into two series. 

One series of 287 mice received the hydrocarbons in aqueous olive oil 
emulsions. Of this series, 247 mice were fed the non-acid-stable olive oil 
emulsions (3) (without Aerosol OT) as follows: 24 strain C57 brown mice, 
43 C57 black, 40 C3H, 20 I, 40 dba, 60 A, and 20 A backcross (A C57 
black). Of these, 4 strain A mice developed squamous cell carcinoma of 

1 Received for publication May 16, 1949. 

1 Nearocarcinoma: Young carcinoma or an early stage of a carcinoma, from the Greek veapdv, meaning young, 
and carcinoma. The terms now available and frequently in use to designate early carcinoma, such as “‘prema- 
lignant,” “‘precancerous” and ‘‘malignant dyskeratosis”’ are all objectionable for one reason or another. Since 
early changes associated with developing carcinoma are being intensively studied in man and experimental ani- 


mals, it seems opportune to introduce a new term at this time. The word nearocarcinoma was suggested to the 
authors by Dr. A. Symeonidis. 
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the forestomach. Another 40 strain A backcross mice of this series were 
fed olive oil-methylcholanthrene emulsion made acid-stable with the 
dioctyl ester of sodium sulfosuccinic acid (Aerosol OT),? and of these 10 
developed squamous cell carcinoma of the forestomach. Some mice, of 
all strains used in this series, developed nearocarcinoma. 

Another series of 138 mice, 30 strain A, 20 strain C57 brown, 41 strain 
A backcross, 37 strain I, and 10 strain dba, received mineral oil emulsions 
containing either 20-methylcholanthrene or 1,2,5,6-dibenzanthracene (5). 
Squamous cell carcinoma of the forestomach developed in 57 of 91 mice 
of strains A, C57 brown, and A backcross. Nearocarcinoma developed 
in some mice of all strains, except strain I. 

One hundred and forty-two control mice were maintained for the various 
experimental groups as described on page 156. 

Few animals were lost by dying unnoticed during the course of the ex- 
periments. Animals found dying were killed with ether or by cervical 
dislocation, and others were killed at intervals for pathologic study. The 
autopsies were performed immediately after death in most cases. If 
postmortem autolysis had developed, this was taken into consideration 
in the interpretation of lesions. At autopsy the stomach was carefully 
inspected, after which it was distended with 1 cc. of fixative. The eso- 
phagus and duodenum were doubly ligated and cut between ligatures, 
and the stomach together with adherent tissues was then removed and 
placed in a bottle of fixative. After fixation, the stomach was sectioned, 
usually in a plane passing through both curvatures. The mucosal surface 
was inspected and appropriate sections excised. Occasionally, the stom- 
ach was opened at autopsy and the unfixed mucosa inspected. Most of 
the specimens were fixed in Zenker-acetic fluid. Occasionally, Zenker- 
formol, dilute formaldehyde (U.S. P. 1:10), Tellyesniczky’s, and Bouin’s 
fixatives were used. The tissues were embedded in paraffin and cut and 
stained routinely with hematoxylin and eosin. In addition, in selected 
cases, one or several of the following methods were employed; eosin- 
methylene blue, hemalumeosin, phloxine-methylene blue, Giemsa’s 
method, phosphotungstic acid-hematoxylin, McManus’ periodic acid 
method, van Gieson’s and Mallory’s connective tissue stains, Verhoeff’s 
elastic tissue stain, crystal violet stain for amyloid, and Laidlaw’s and 
Wilder’s silver impregnation methods for reticulum. In a few cases, 
serial sections were prepared from appropriate specimens. 

The stomach of the mouse is composed of 2 chambers, separated by 
the limiting ridge. The left portion or forestomach comprises two-thirds 
of the organ. It is lined by squamous epithelium continuous with that 
of the esophagus, which enters the chamber on the lesser curvature. The 
squamous mucosa of the forestomach stops abruptly at the limiting ridge. 
The glandular chamber, comprising the remaining one-third of the organ, 
is lined by glandular mucosa, and terminates in the duodenum. In the 
present experiment, all the neoplastic lesions arose in the forestomach. 
Unless otherwise stated, references to the curvatures and the anterior 


3 Hereinafter referred to as Aerosol. 
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and posterior walls apply to the forestomach only. The rarity of spon- 
taneous carcinoma of the forestomach of the mouse was emphasized by 
Wells, Slye, and Holmes who found only 8 cases in 142,000 autopsies (6). 


PATHOLOGIC OBSERVATIONS 


The pathologic material from the experimental mice of both previously 
mentioned series is separated into 5 groups on the basis of the lesions 
present. The first group of cases includes the forestomachs which 
showed hyperplastic and early neoplastic changes (nearocarcinoma) in 
the mucosa, but which were free from carcinoma that had infiltrated 
through all coats of the viscus. The second showed widespread areas of 
nearocarcinoma, and although lacking the feature of complete infiltration 
through the entire gastric wall, the neoplastic changes were so widespread 
and of such magnitude as to suggest the appearance of multicentric 
carcinoma in situ. The third group is made up of all the carcinomas that 
had infiltrated completely through the gastric wall or metastasized, 
including both the localized and massive forms. Following the presenta- 
tion of these groups, the results of transplantation (group 4) and the 
changes in the glandular stomach (group 5) are presented. The control 
mice are covered in a separate section. 


WITHOUT INFILTRATING CARCINOMA 


These forestomachs furnished an opportunity to study early changes 
before the picture was obscured by extensive carcinoma. Grossly many of 
the forestomachs, especially those from mice ingesting the mineral oil and 
stabilized olive oil emulsions containing the carcinogenic hydrocarbons, 
were enlarged; the walls were opaque, gray or white, indurated, and rigid. 
The chamber was not easily distensible with fixing fluid. The serosa, 
however, was glistening and smooth except at the base of papillomas, 
where the wall was often retracted, forming one or more linear or stellate 
depressed red areas. The lumen was encroached upon as a result of the 
papillomas, and of thickening and excessive folding of the mucosa, which 
was rough and corrugated (pl. 16, fig. 1, A). The limiting ridge was 
prominent and beaded. The papillomas varied from small, pin-point 
excrescenses to large, branching structures or sessile cauliflower growths 
measuring up to 7 mm. in diameter. Apart from the occasional presence 
of the emulsion, there was little food and no blood in the usually narrowed 
lumen. The glandular stomach was unchanged except that it appeared 
small in contrast to the enlarged forestomach. 

Microscopically the forestomach mucosa showed acanthosis and hyper- 
keratosis (pl. 16, fig. 1, A and B). This has been designated the diffuse 
lesion. These changes were apt to develop first along the limiting ridge 
and at the left convexity of the chamber, extending downward onto the 
greater curvature. In many mice, the lumen was almost completely 
occluded. The retia were increased numerically, elongated and broad- 
ened, sometimes interlaced and anastomosing, giving the appearance of 
sessile papillary formation. As a result of the alterations in the relation- 
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ship of the retia and of the papillary layer of the lamina propria, it was not 
uncommon for apparently isolated plugs of connective tissue to be sur- 
rounded on all sides by epithelium. This diffuse lesion, however, lacked 
the features of nearocarcinoma and of infiltration. 

A second characteristic lesion, designated as the umbilicate lesion, 
frequently occurred in these forestomachs (pl. 17, fig. 2, A). It consisted 
of a localized, shallow depression bordered on either side by a hyper- 
trophied rete. The saucerized portion was lined by stratified squamous 
epithelium of varying thickness showing nearocarcinoma. The neoplastic 
changes involved all strata of the squamous mucosa. The granular layer 
was regularly affected, being hypertrophied, atrophied, distorted, or 
absent. The eleidin granules varied numerically, spatially, and in stain- 
ing reactions, showing basophilia, acidophilia, or achromia. Lying within 
the keratin layer there were parakeratotic cells, and large, round, anuclear 
cell-like elements filled with fine uniform, refractile, acidophilic granules 
or deeply acidophilic hyalin. The latter resembled “Corps Ronds” 
(fig. 2, B). The umbilicate lesion early presented a defect in the keratin 
above it. This defect was regularly associated with an inflammatory 
focus in the epithelium and the underlying connective tissue (pl. 18, 
fig. 3, A and B; pl. 19, fig. 4, A). The basal layer was thickened and 
from it protruded infiltrating buds of atypical cells showing spongiosis. 
Coincidentally, the reticular basement membrane showed evidence of 
disintegration. Neoplastic changes could also be identified in cells about 
small colliquative, degenerated spaces within the acanthotic mucosa 
(fig. 4, B). Nests of “Corps Ronds’”’ replaced the granular and prickle- 
cell layer and frequently formed a long, vertical structure projecting into 
the lumen of the forestomach (pl. 20, fig. 5, A). Below this area, the 
basal cells often formed thickened, looplike structures of loosely arranged 
cells. Occasionally a concentrically-arranged, ball-like mass of keratin 
filled the saucerized portion of the umbilicate lesion and was attached 
directly to the pavement layer of the epithelium (fig. 5, B). With a single 
exception the umbilicate lesion occurred only in the experimental mice. 
The one observed in a control animal ingesting mineral oil emulsion failed 
to show neoplastic changes. 

Single and multiple papillomas occurred in a large percentage of the 
experimental mice. Many of the papillomas were of the elevated branch- 
ing variety, thin and filamentous. They were supported by a central 
core of connective tissue covered by acanthotic, hyperkeratotic epithelium 
(pl. 21, fig. 6, A). Other papillomas were sessile with elongated retia, 
often with central pearl formation (fig. 6, B). Both types were widely 
distributed, springing from any and all parts of the chamber, often filling 
the lumen, overhanging the limiting ridge, and protruding into the 
glandular stomach. There was frequently retraction of the entire wall 
below the base of a papilloma with resultant widening of the submucosa. 

The indications of early neoplastic change in a papilloma were similar 
to those in other parts of the mucosa. Signs of nearocarcinoma appeared 
in one or more areas usually in relation to a defect in the keratin covering 
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the papilloma. Most of these took the form of umbilicate foci, with 
infiltrated buds, cords, and nests of atypical epithelium. With early 
neoplastic changes, not more pronounced than these, and with the neo- 
plastic infiltration still proximal to the muscularis mucosae, a secondary 
deposit of tumor cells was sometimes found within a vessel in the sub- 
mucosa (pl. 22, fig. 7, A and B). In other instances a single elongated 
rete composed of atypical cells extended directly into the muscularis 
propria. A few of the papillary lesions (pl. 23, fig. 8, A) resembled some- 
what the seborrheic keratosis commonly seen in man. 

The muscularis mucosae and propria showed singly or in combination 
inflammatory cell infiltration, retraction at the base of a papilloma, and 
thickening, and changes in cell orientation coincident with the inception 
of the changes of nearocarcinoma in the mucosa above. Foci of degen- 
eration were uncommon (fig. 8, B and C). 

The lamina propria and submucosa regularly showed an inflammatory 
reaction which occasionally formed a complete, continuous ring encircling 
the entire forestomach. Focal inflammatory collections were especially 
pronounced in relation to the papillomas and umbilicate lesions. The 
inflammatory cells consisted of neutrophilic and eosinophilic leukocytes, 
lymphocytes, plasma cells, and mononuclear leukocytes. Mast cells 
were also increased. 

Amyloid as demonstrated by the crystal violet stain was frequently 
present in the lamina propria, being most pronounced in the walls of 
blood vessels, in the stalk and at the base of papillomas, and in the tips 
of papillary processes between the acanthotic retia. There were occa- 
sionally small stainable deposits in the muscularis mucosae, on the side 
toward the lamina propria, but rarely in the submucosa or muscularis 
propria. In these same cases, amyloid was also sometimes demonstrated 
in the lamina propria of the glandular stomach and small intestine, and 
in the cervical lymph nodes, spleen, and uterus. 

The fibroblasts in the lamina propria were widely separated by the 
deposits of amyloid when present. Their nuclei were large, vesicular, 
and pale, suggesting young forms or changes due to edema. With the 
changes of nearocarcinoma in the overlying mucosa, the collagen often 
showed degeneration. This was characterized by changes in orientation 
of the fibers, and replacement of their wavy fibrillar form by a basophilic 
granular, or an acidophilic fibrinoid appearance. Degenerated reticulum 
was observed in association with collagen degeneration. The altered 
reticulum fibers became finely weblike or scrambled, split, frayed, broken, 
and irregularly stained and swollen. The reticulum of the lamina propria 
became increased, with the appearance of the diffuse lesion being most 
abundant in the tips of the papillary layer. It was also abundant in the 
stalk of the papillomas. Underlying the areas of nearocarcinoma, the 
basement membrane became interrupted leaving the infiltrating neo- 
plastic cells at first unsupported by reticulum (pl. 24, fig. 9; pl. 25, fig. 10). 
However, with continued infiltration, the neoplastic epithelial cells 
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acquired a well-stained supporting reticulum, and this was carried along 
into the fully formed tumor. 

Elastic tissue was degenerated in areas of collagen degeneration or was 
destroyed by infiltrating carcinoma or by inflammation. The degenerated 
elastic fibers were short, thickened, split, frayed, fractured, and irregularly 
stained. In the presence of amyloid, there was a corresponding decrease 
in elastica. 

Motticentric Carcinoma IN Situ 


Multicentric carcinoma in situ was characterized by an extensive, 
exaggerated, composite picture of the various features of nearocarcinoma 
described above, spread over wide areas even involving the forestomach 
mucosa in its entirety (pl. 26, fig. 11, A, B, and C). The retia were 
elongated, irregularly spaced, variable in size and shape, closely approxi- 
mated, branched, and anastomosing, impinging upon the muscularis 
mucosa to which they were often pegged down. Sporadically or con- 
tinuously over wide areas, they infiltrated the lamina propria, muscularis 
mucosae, submucosa, and muscularis propria. Invasion of lymphatic 
and blood vessels was an early phenomenon. These multicentric changes 
occurred simultaneously or at least appeared to be in approximately the 
same stage of development in many given specimens of forestomach. 

Cytological variations in the altered mucosa in the lesion of multi- 
centric carcinoma in situ varied within wide limits. The spinous layer 
was sometimes 5 to 10 cells in thickness, in other words considerably 
thicker than normal. It was composed of large swollen cells showing 
balloonization with concentration of the cytoplasm against the cell 
borders. The nucleus occupied a central position, staining heavily in 
the deeper layers of the spinous layer but progressively fading out above. 
The granular layer exhibited the various changes described under the 
umbilicate lesion. The basal layer was 2 to 6 cells thick, the cells varying 
in size, shape, and staining, showing numerical increase in mitoses and 
changes in nuclear polarity. There was sporadic degeneration and colli- 
quative necrosis of cells singly and in small groups. 

The esophagus was regularly dilated, due either to obstruction at or 
near the esophageal-gastric orifice by thickened mucosa and papilloma 
or to rotation of the forestomach with intra-abdominal retraction, elonga- 
tion, and angulation of the tube. The mucous membrane in its lower 
one-third showed acanthosis and hyperkeratosis, occasionally small 
papillomas, and in five cases small focal areas of nearocarcinoma (pl. 27, 
fig. 12, Aand B). The latter infiltrated to, but not beyond, the striated 
musculature of the esophagus. Amyloid was occasionally observed in 
the lamina propria and in the walls of the blood vessels but neither so 
often nor to the same extent as in the forestomach. Focal and diffuse 
inflammatory changes in the connective tissue stroma were infrequent 
and minimal. Except in the cases showing nearocarcinoma or amyloid, 
the collagen and reticulum stained well. 
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CarcINOMA OF FORESTOMACH 


GROSS CHARACTERISTICS 


Two types of carcinoma occurred, one a localized, the other a massive 
form. 

Localized carcinoma occurred as one or more discrete tumors generally 
situated on the greater curvature and rarely large enough to obstruct the 
lumen significantly (pl. 28, fig. 13, A, B, and C). The average localized 
tumor measured 8 mm. in diameter, the smallest 3 mm. in diameter, 
the largest 20 X 6 X 6mm. The mucosal aspect was papillary and granu- 
lar, either rounded and elevated or broad and sessile, being in some 
instances larger while in others smaller than the serosal extension. The 
cut surface consisted of firm, gray tissue with areas of hemorrhage and 
necrosis. The remainder of the forestomach was often distorted by the 
tumor and showed the various changes of acanthosis, hyperkeratosis, and 
papilloma as described. 

Massive carcinoma of the forestomach occurred in less than half of the 
mice with malignant tumors. This massive type was characterized by 
neoplastic involvement of virtually the entire mucosal surface with ex- 
tension through the serosa in multiple areas (pl. 29, fig. 14, A, B, and C). 
It appeared to be an exaggerated infiltrating form of multicentric car- 
cinoma in situ. It was palpable clinically and frequently caused visible 
distention of the abdomen. Viewed externally the viscus was converted 
into a large, solid, firm mass encased in a continuous sheet of neoplastic 
tissue or covered with multiple, coarse nodules. The tumor was mottled 
gray, white, red, yellow, and brown, due to a combination of hemorrhage, 
necrosis, and inflammatory change. Two of the forestomachs measured 
25 < 15 X 10 mm.; three were larger, and several, although smaller, 
approximated these dimensions; the largest measured 30 X 25 X 20 mm. 
The inner aspect of the chamber presented a granular or cheesy, necrotic, 
and hemorrhagic lining, filling and obstructing the lumen. The wall of 
the forestomach was everywhere thickened by infiltrated neoplastic 
tissue, the involvement being diffuse and often uniform extending from 
the left border to the limiting ridge. 

The glandular chamber was usually small and soft, the glandular mucosa 
appearing unaltered except for folding due to compression by the fore- 
stomach mass. Occasionally a forestomach tumor fungated into the 
glandular chamber or infiltrated it secondarily from serosal deposits. 

The esophagus was usually dilated and obstructed by a combination 
of extrinsic tumor at its gastric orifice and intra-abdominal retraction 
of the tube, the result of rotation of the stomach by neoplastic and in- 
flammatory adhesions. In one case, there was a fistulous tract, between 
the esophagus and forestomach. 

Adhesions bound the forestomach to surrounding organs and structures 
including omentum, mesentery, spleen, liver, pancreas, kidney, diaphragm, 
and body wall. In five cases of massive and one of localized carcinoma, 
a perforation was found leading into an abscess partially walled off by 
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adhesions. The peritoneal cavity in these cases was found distended with 
gas, gastric contents, and purulent material; and fixing fluid injected 
into the lumen flowed out through the point of rupture. 

Secondary neoplastic deposits were most numerous in mice with 
massive carcinoma except for a few striking exceptions where small 
localized carcinomas yielded numerous bulky deposits. The spread was 
by infiltration, implantation, and blood- and lymph-borne metastases. 
The pancreas, visceral and parietal peritoneum, mesenteries, and omenta 
were frequently involved by direct infiltration and implantation metas- 
tases. Solitary or multiple nodules or sheetlike masses of carcinoma 
lining the peritoneal cavity extended secondarily into adjacent muscula- 
ture and skeletal tissue of the body wall. Very often an extra-gastric 
mass averaging 16 mm. in diameter was present in the left upper abdominal 
quadrant involving diaphragm, liver, spleen, and gastrocolic omentum. 
Intravascular extensions of tumor into intra-abdominal veins including in 
one case the inferior vena cava, resulted in cordlike thickening of the 
vessels with distention and occlusion of the lumen. Discrete tumor 
implants on the left leaf of the diaphragm averaged 3 mm. in diameter. 
In two cases the diaphragmatic muscle was extensively permeated by 
tumor with the formation of nodules on the parietal pleura. The renal 
metastases were bilateral consisting of firm, gray, or white nodules 2-7 
mm. in diameter in the cortex or capsule. The hepatic deposits consisted 
of metastatic nodules up to 4 mm. in diameter or of an infiltrating sur- 
face mass continuous with the forestomach tumor. The mesenteric 
lymph nodes showed both discrete metastases and direct infiltration. 
When gross impressions were checked by histologic examination, a num- 
ber of lymph nodes suspected of having metastases showed reactive 
hyperplasia instead. 


MICROSCOPIC FINDINGS 


All the malignant tumors of the forestomach proved to be squamous 
cell carcinomas histologically. However, they varied in pattern, in the 
proportion of cells to stroma, in papillary formation, in keratinization, 
and in the amount of hemorrhage, necrosis, and inflammatory reaction. 
These differences were found not only in different tumors but in different 
areas of the same tumor and even in areas of metastases when compared 
with the primary neoplasm (pl. 30, fig. 15; pl. 31, fig. 16). The 
neoplastic cells were arranged in sheets, masses, nests, and anastomosing 
cords. They varied in size, shape, and staining, exhibiting all the various 
and varying characteristics of a malignant tumor. There were often one 
to four or more mitoses per high power field, some of which were irregular 
and bizarre. Epithelial bridges could usually be identified. Sheets of 
spindle-shaped tumor cells were occasionally observed, but since these 
were interspersed with epithelial pearls and keratin and were so intimately 
associated with other cells, obviously epithelial in type, they were not 
considered sarcoma. None of the tumors was composed in whole or in 
part of interlacing bundles of spindle-shaped cells with an intimate retic- 
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ulum pattern or with immature blood vessels, characteristic of sarcoma. 
The number, size, and morphology of the epithelial pearls and amount 
and distribution of diffusely occurring keratin varied. Most of the epi- 
thelial pearls showed the usual pattern of concentrically arranged masses 
of keratin and parakeratotic material containing scattered eleidin gran- 
ules and bordered by viable neoplastic cells. Some of the pearls were 
liquefied centrally leaving an empty space ordinarily occupied by keratin. 

The stroma, generally minimal in amount, was composed of mature 
connective tissue containing well-stained reticulum and collagen. The 
blood vessels were of capillary structure, well-formed and not numerous. 
The invading massive carcinomas were oftev surrounded in part by a 
thick peripheral wall of compressed inflammatory connective tissue. This 
proved to be an unsuccessful barrier against the spread of neoplasm, 
since even in the presence of this phenomenon, metastasis occurred, and 
one or more extra-gastric structures and organs were invaded by tumor. 
The inflammatory reaction, which was regularly associated with the 
earliest inception of the neoplastic change increased with tumor develop- 
ment. With massive carcinoma, local or diffuse suppuration was the rule, 
often in association with hemorrhage, necrosis, ulceration, and perfora- 
tion. In these tumor-bearing mice, the bone marrow often showed pro- 
nounced myeloid hyperplasia, and there was myeloid metaplasia of spleen, 
lymph node, and liver. The lungs sometimes showed a diffuse infiltration 
of leukocytes in the alveolar walls. 

There were 71 mice with primary squamous cell carcinoma of the fore- 
stomach, and of these 35 showed infiltration of adjacent organs and struc- 
tures, implantation, or mestastases. It was sometimes difficult to decide 
whether a given secondary tumor deposit was the result of one or the other 
of these mechanisms, but at least 18 of these miceshowed distant metastatic 
deposits. The frequency of secondary neoplastic deposits attests to the 
highly malignant character of these tumors. Had all the animals been 
allowed to live as long as possible, thereby permitting maximum growth 
and spread of the neoplasm, the incidence of metastasis would probably 
have been higher. As explained elsewhere, some of the mice were killed 
so as to obtain fresh autopsy material for study. Secondary tumor 
deposits were observed as follows: pancreas, 18; peritoneum, mesentery, 
and omenta, 17; diaphragm, 10; liver, 9; mesenteric lymph nodes, 7; chest 
wall, 4; spleen, 4; kidney, 4; posterior abdominal wall, 2; lumbar verte- 
brae, 1; lung, 1; inferior vena cava, 1; esophagus, 1. 

The lymph vessels showed early, often extensive, neoplastic invasion. 
Blood vessel occlusion by mixed, septic, and tumor thrombi was frequent 
and contributed to the necrosis of the primary tumor. The frequency and 
extent of tumor thrombosis, particularly of the perigastric, splenic, portal, 
pancreatic, mesenteric, renal, and forestomach veins, and even the vena 
cava were out of proportion to blood-borne metastases. Some vessels 
in the wall of the stomach and adjacent tissues showed fibrinoid degenera- 
tion of their walls and a perivascular cuff of inflammatory cells, somewhat 
reminiscent of periarteritis nodosa. 
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The metastases, implants, and other secondary neoplastic deposits 
resembled those in metastatic carcinoma in man (pl. 32, fig. 17; pl. 33, 
fig. 18; pl. 34, fig. 19; pl. 35, fig. 20). In general the spreading tumor 
appeared to follow tissue planes, perivascular, perineural, and other 
lymphatic vessels and the veins. Where the adjacent portion of the 
glandular stomach was involved by tumor, the spread had occurred by 
direct undermining of the glandular mucosa or indirectly from a serosal 
nodule (pl. 36, fig. 21, C). 


TRANSPLANTATION 


Four of the carcinomas were successfully transplanted subcutaneously 
to other mice of the same strain as the animal bearing the original neo- 
plasm. All attempts at transplantation were successful. Three of these 
were from the primary forestomach tumor and the other from a diaphrag- 
matic implant. The tumors were retransplanted when they reached a 
diameter of 15 mm. This occurred on an average of once a month in 3 
and once every fortnight in the other. Three were discontinued after 
being carried through 19, 26, and 36 generations respectively; the other 
is still being propagated and is in the eighty-fourth generation. All the 
transplants continued to reproduce the characteristics of the original 
squamous cell carcinoma (pl. 36, fig. 21, A and B). 


GLANDULAR STOMACH 


Reference has been made to the compression of the glandular stomach 
by’ the massive forestomach tumors and to the occasional secondary in- 
filtration of this chamber by squamous cell carcinoma. <A few experi- 
mental mice (other than those of strains I and dba which develop ade- 
nomatous gastritis spontaneously) showed areas of gastritis and occasion- 
ally extensions of portions of the glandular mucosa into the submucosa 
(pl. 37, fig. 22, D). Since none of these mucosal extensions penetrated 
completely through the wall of the stomach, and since they resembled 
spontaneous gastritis, they were not considered definitely neoplastic. 
None of the glandular stomachs from the strains I and dba mice showed 
changes any more pronounced than occurred in control or nontreated 
animals of these strains (6). 


Controt 


Control mice for each experiment were kept under conditions identical 
with those of the experimental animals except that they received no 
carcinogen (3, 5). One group drank either tap or distilled water. A 
second group was given distilled water containing Aerosol, 0.15 percent 
to 0.5 percent, in accordance with the content of the experimental emul- 
sions. A third group received mineral oil emulsion; a fourth group, olive 
oil emulsion; and a fifth group, an olive oil emulsion made acid-stable by 
the addition of Aerosol. All control emulsions were identical with the ex- 
perimental ones except for the hydrocarbons. The control animals were 
kept on the different regimens for 1 to 15 months. A total of 142 mice were 
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autopsied. Usually the control mice were killed and autopsied when the 
last animal of the corresponding experimental group died. Some mice, 
notably those of strains dba and I, exhibited distaste for the Aerosol 
especially when given without oil, probably due to its exceedingly bitter 
taste. These latter animals failed to gain weight and died relatively 
early. At autopsy, the tissues were dehydrated and the organs small. 

The animals given tap or distilled water showed minimal deposits of 
amyloid in the lamina propria in the region of the limiting ridge. Other- 
wise, their forestomachs appeared normal (pl. 37, fig. 22, A, B, and C) 
with the exception of mice of strains I and dba. The latter showed gas- 
tritis of the glandular stomach and acanthosis and hyperkeratosis of the 
forestomach, which lesions were within the limits observed in other animals 
of these strains at comparable ages (6, 7). 

The majority of the animals given an Aerosol solution instead of drinking 
water developed minimal leisons of the forestomach and lower esophagus. 
These consisted of acanthosis, hyperkeratosis, inflammatory changes, and 
amyloid deposits in the lamina propria, most pronounced at the limiting 
ridge. One mouse showed an intraepithelial inflammatory focus in the 
esophagus. The spontaneous gastric lesions of the dba and I mice did 
not appear to be influenced by the Aerosol solution. 

The mice ingesting the mineral oil emulsions showed the most pro- 
nounced lesions of all the control groups. In mice of strains other than 
I and dba, the mucosa of the forestomach was thick, white, and opaque 
due to acanthosis and hyperkeratosis. There were no areas of nearocarci- 
noma, the basement membrane remained intact, and there was no evi- 
dence of infiltration by the acanthotic retia (pl. 38, fig. 23, A). Virtually 
all the specimens showed some degree of inflammatory reaction of the sub- 
mucosa and lamina propia. In one-third of the specimens, there was a 
single papilloma (fig. 23, B). The elastic tissue was well preserved except 
where destroyed in the inflammatory foci. Collagen and reticulum were 
both increased. Amyloid was present chiefly at the limiting ridge, in 
one-third of the specimens. The lower end of the esophagus in half the 
mice showed acanthosis, hyperkeratosis, inflammatory reaction, amyloid 
deposition, and an increase in reticulum and collagen (pl. 39, fig. 24). 
The spontaneous gastric lesions of the mice of strains I and dba did not 
appear to be significantly influenced. Three strain I mice showed slight 
amyloid deposits in the forestomach, and several showed vacuolar change 
of the liver. 

Mice receiving the olive oil emulsion showed few or no significant 
gastric changes when compared with the animals drinking tap or distilled 
water. However, when Aerosol was added to the olive oil emulsion to 
make it acid-stable, acanthosis, hyperkeratosis, and a few solitary papil- 
lomas were observed in some of the mice. The changes were less pro- 
nounced but of the same character as those in mice ingesting aqueous 
mineral oil-Aerosol emulsion. 

The forestomach lesions of acanthosis, hyperkeratosis, and papilloma 
observed in the control mice correlated fairly well with the content of 
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the wetting agent Aerosol in the preparations ingested. The lesions 
were most pronounced in the mice given the mineral oil emulsions which 
contained other wetting agents, in addition to Aerosol (5). 


DISCUSSION 


Criteria were adopted for the diagnosis of squamous cell carcinoma of 
the forestomach and for distinguishing early neoplastic lesions from 
benign hyperplastic changes. A diagnosis of squamous cell carcinoma 
was entertained only after the entire wall of the forestomach was com- 
pletely infiltrated by tumor or metastasis had occurred. Any lesion of 
recognizable neoplastic nature, more limited in scope, was classified in 
the nearocarcinoma group. Mice and rats subjected to a variety of 
dietary regimens and other experimental gastric procedures, not infre- 
quently exhibit hyperplastic changes in the forestomach mucosa which 
in the past have sometimes been incorrectly interpreted as cancer (8). 
For this reason rigid criteria for the diagnosis of carcinoma in our experi- 
mental animals seemed justifiable. It should be emphasized that these 
criteria are not employed in the diagnosis of human tumors. In the 
practice of medicine, the welfare of the patient is of the utmost importance 
since early diagnosis and early treatment are key points in cancer control. 
Moreover, much more is known about neoplastic and potentially neoplastic 
lesions in man than in the mouse. During the past one hundred years, 
large repositories of human pathological specimens have been built up 
for study and reference. A diagnosis of cancer is now frequently made on 
minute biopsies or cellular aspirates. Here even though the evidence for 
neoplastic infiltration is lacking, the cellular changes and arrangements 
are such that based upon past experience a correct interpretation of 
malignancy is often possible. Experimental gastric cancer enjoys no 
such tradition. It is a young and inadequately studied problem, particu- 
larly with respect to the significance of its morphological features. This 
was emphasized in the comprehensive review by Klein and Palmer (8) 
in which the diagnostic errors of many investigators incorrectly reporting 
the induction of cancer were critically analyzed. We are in accord with 
them in believing that conservatism is requisite until indisputable gastric 
carcinomas attend upon a given experimental program. The present 
experimental methods not only fulfill these requirements but permit the 
recognition and study of the neoplastic process in a much earlier stage. 
Certainly, the umbilicate lesion, showing the changes which we have desig- 
nated as nearocarcinoma, is readily distinguishable from the benign 
hyperplastic changes of acanthosis, hyperkeratosis and papilloma. The 
principles of pathology were applied to this study in the same way that they 
were employed to distinguish Bowen’s disease, erythroplasia of Queyrat, 
and carcinoma in situ of the cervix from non-neoplastic conditions. 

The carcinomas in the present study exhibited histologic characteristics 
similar to those of the tongue, esophagus, and of other squamous-lined 
mucous surfaces in man. Variations occurred in cellularity, keratiniza- 
tion, necrosis, hemorrhage, inflammatory reaction, and amount and 
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vascularity of stroma. Minor differences in pattern were observed in 
different parts of the same tumor and between some of the metastases and 
the primary growth. In part, these differences were possibly due to the 
multicentric origin of certain tumors, particularly the massive carcinomas, 
which frequently represented a compound neoplasm composed of 2 or more 
primary tumors arising from different foci and forming a confluent growth. 
Their high degree of malignancy is attested to by their aggressively invas- 
ive, metastatic, and transplantable properties. Of 4 attempts to trans- 
plant the tumor serially into other mice of the same strain, all were 
successful. Of 71 primary carcinomas, 35 invaded extra-gastric organs 
and tissues or metastasized. Even so, these figures need to be balanced 
against the fact that in order to obtain fresh autopsy material, some of 
the animals were killed when an abdominal tumor was first palpated and 
before there was full opportunity for all possible metastases to have 
occurred. 

Sarcoma did not develop in the forestomach of any of the mice fed the 
carcinogenic hydrocarbons. This is surprising in view of the results of 
skin painting where it is not unusual for a few mice in an experiment to 
develop sarcoma even though the majority of the tumors are carcinomas. 
It is assumed, under these latter circumstances, that sufficient carcinogen 
penetrates the subepidermal tissues to induce sarcoma. In the forestom- 
ach (9) and in the glandular stomach (10, 11) sarcoma is readily induced, 
providing the carcinogen is in direct contact with the submucosal tissues 
as by intramural injection. In the feeding experiments, degenerative 
changes occurred in the lamina propria and submucosa which may be 
attributed to the effects of the carcinogen, presumed to have penetrated 
from the lumen of the forestomach. If true, the amount of hydrocarbon 
in contact with these tissues was too small to induce a sarcoma. 

The dermal connective tissue and its contained structures as well as the epi- 
thelium exhibit changes in the neighborhood of developing carcinomas in- 
duced by the tars, hydrocarbons, roentgen rays, or ultra-violet light (12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23). There has been speculation as to 
the relative importance of these various changes. For example, it has 
been argued that the hyperemia due to telangiectatic blood vessels with 
their inevitable thrombosis and occlusion from time to time, plays the 
dominant role in carcinogenesis in skin painting. The mechanism is con- 
sidered somewhat comparable to the situation late in life when the blood 
vessels show senile degenerative changes, and at which time, of course, 
cancer is more common. Moreover, cutaneous cancer in X-ray workers 
usually arises in an atrophic scar showing telangiectatic vessels. This 
vascular theory, however, is somewhat weakened by the rarity of cancer 
at sites of hemangioma, keratoangioma and telangiectatic foci in Vaquez’s 
disease, where a high incidence of neoplasm might be anticipated if the 
blood vessel changes were the sole motivating factor irrespective of 
changes in surrounding tissues. Moreover no statistical correlation has 
been shown to exist between senile vascular changes and the occurrence 
of spontaneous cancer at different sites in man and animals. 
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Others emphasize the degenerative changes in the connective tissue 
stroma and correlate these features with the collagen degeneration of the 
skin that antedates the development of epitheliomas in sailors and ranchers 
subjected to excessive exposure to intensive sunlight. In the present 
experiment, the developing carcinomas were frequently associated with 
fibrinoid degeneration of the collagen. Fibrinoid degeneration of collagen 
is found widespread in a number of diseases of the visceral angeitides type, 
such as disseminated lupus erythematosis, rheumatic fever, and periar- 
teritis nodosa. No relationship has been established between these 
diseases and cancer except for the lesion of discoid lupus in the skin which 
may give rise to epithelioma. From this it would appear either that 
fibrinoid degeneration is not the sole important factor in carcinogenesis 
or that its potentialities vary in different diseased conditions. 

Still others postulate a constitutional factor, possibly hormonal, and 
cite the variation in sex incidence in different tumors and the influence of 
testosterone in prostatic carcinoma and of diethylstilbesterol in experi- 
mental breast cancer and interstitial cell tumors of the testis of the mouse. 

Perhaps the most widely held theory of all is that the mechanism of 
carcinogenesis resides in the epithelium and that the neoplastic change is 
an irreversible phenomenon, possibly a mutation, involving a single cell 
and attributable to a direct effect of the carcinogen. In the present 
experiment, the forestomachs, in which carcinoma was arising, exhibited 
concomitant changes involving epithelium, muscularis, and connective 
tissue stroma including fibroblasts, collagen, reticulum, and elastic fibers, 
blood vessels, and nerves. Moreover, the three dimensional expanse of 
mucosa involved, even in the earliest and smallest focus of nearocarcinoma, 
was of such magnitude and showed such varied cell changes as to throw 
doubt on the hypothesis that the mechanism of carcinogenesis resides in a 
single epithelial cell. The present morphological observations emphasize 
the complexity and the evolutionary nature of the process of experimental 
neoplasia of the forestomach. 

The earliest significant neoplastic transformation observed in the fore- 
stomach mucosa has been designated as nearocarcinoma. This lesion is 
interpreted as the beginning of carcinoma. Similar changes have been 
observed in association with cutaneous and with certain squamous mucosal 
cancers in man and in the skin of rodents painted with a carcinogen (19). 
Various terms such as “preneoplastic”, ‘‘precancerous’’, and “malignant 
dyskeratosis” have been applied to this phenomenon. We prefer the term 
nearocarcinoma as stated in the introduction. Paletta, Cowdry, and 
Lischer (24) described the cellular changes in such an area as consisting 
of a volumetric increase in cytoplasm, nucleus, and nucleolus, hyper- 
chromatism, change in polarity and in layering, abnormal differentiation, 
increased mitoses, and invasive properties. These changes characteristic 
of nearocarcinoma are to be contrasted with the benign hyperplastic 
changes of acanthosis and hyperkeratosis observed in our control mice. 
These latter processes are orderly and uniform, and there is neither the 
magnitude nor the diversity of change with respect to abnormalities in cell 
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arrangement and appearance in all strata of the mucosa as occurs with the 
lesion of nearocarcinoma. 

The present material affords an excellent opportunity to compare 
and to contrast the histogenesis of forestomach carcinoma with cutaneous 
carcinoma induced by painting. The forestomach is lined by a mucous 
membrane of stratified squamous epithelium supported by a connective 
tissue stroma, the lamina propria. Next in order are the muscularis 
mucosa, and submucosa, two layers of the muscularis propria, a thin layer 
of subserosal connective tissue, and the peritoneum. The arrangement of 
these coats together with the amount and distribution of the collagen 
and reticulum are illustrated (pl. 37, fig. 22,.A, B,C). The mucosa shows 
layering of the cells into basal, spinous, granular, and cornified elements 
with keratohyalin granules in the stratum granulosum. This layering 
does not occur in the skin of the mouse except on the foot pad, ear, and 
some areas of the abdominal wall which are rarely subjected to painting 
with a carcinogen. The mucous membrane of the forestomach is well- 
protected, always moist, and not subjected to trauma, such as biting, 
scratching, and rubbing as is the skin in painting experiments. Moreover, 
a study of the histogenesis of carcinoma arising in the forestomach is 
uncomplicated by the presence of hair follicles and sebaceous glands 
which are generally alleged to play a prominent role in the development 
of cutaneous cancer. By the method of oral administration the exposure 
to the carcinogen was virtually a continuous process. Each time a mouse 
drank the emulsion to obtain water, it ingested hydrocarbon and, of 
course, the emptying time of the forestomach is relatively long. This 
is in contrast to the intermittent exposure of the skin to painting two 
or three times weekly, although the factor of the absorption of the car- 
cinogen by the sebaceous glands and its retention for a time is present 
in the skin and absent in the forestomach. 

Skin painted with a carcinogen is described as showing, at first, dilata- 
tion and incipient growth of hair follicles which go on to form epithelial 
cysts which in turn give rise to papillomas (12, 19, 20, 25). The carci- 
nomas develop from the hyperplastic hair follicles and keratinized cysts 
frequently in combination with papilloma. Indeed, so important is the 
role of hair follicles considered in the neoplastic process that Suntzeff, 
Carruthers, and Cowdry (26) attributed their failure to induce epidermal 
tumors in newborn mice to the rudimentary condition of the hair follicles 
and sebaceous glands at the time of painting, which was 2 to 10 hours 
after birth. The present observations raise the question whether too 
much emphasis has not been placed upon the hair follicles as the source 
of the cystic structures from which cutaneous carcinoma arises. In the 
forestomach, the umbilicate lesion from which carcinoma developed 
originated from the surface epithelium. So closely did many of these 
structures resemble the so-called hair follicle cysts in the skin painting 
experiments that it is difficult to distinguish between them, as may be 
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appreciated by comparing the illustrations in some of the papers cited 
above with those in the present communication. 

The narrow cleftlike break which appeared in the keratin overlying 
the area of nearocarcinoma in an umbilicate focus of the forestomach 
would seem to be of significance and not simply an artefact due to trauma. 
This break is probably attributable to a combination of changes. First 
is failure of the altered cells to differentiate as normally into granular 
cells and keratin and secondly is the presence of an inflammatory focus 
at the keratin epithelial junction. Its progressive increase in size most 
certainly facilitated more direct contact between the ingested carcinogen 
and the epithelium at the base of the defect. Coincident with its enlarge- 
ment, the process of nearocarcinoma showed acceleration, the altered 
epithelium infiltrating the deeper structures, and piling up, partially filling 
the defect and in some instances forming a papillary growth. Ulceration 
did not occur, but the umbilication became accentuated as the defect 
widened, and although the epithelium at the base remained uninterrupted 
it showed progressive neoplastic changes. 

The umbilicate lesion appeared in the surface mucosa and in the 
papilloma, only in association with the changes of nearocarcinoma. The 
idea that a papilloma is necessarily transformed into carcinoma is incor- 
rect and misleading. In clinical medicine, carcinoma of the skin, lip, 
tongue, and oral mucosa are rarely preceded by papilloma except for 
the verrucal type of leukoplakia and of senile keratosis. Papillomas 
occurring in the control mice did not exhibit nearocarcinoma and did not 
eventuate in carcinoma. Moreover, when nearocarcinoma appeared in a 
papilloma, the focus frequently involved only a part of the lesion, or its 
base, or an area of the mucosa immediately adjacent to it. Developing 
in the surface mucosa, the malignant process involved both acanthotic 
and atrophic epithelium in areas from which papilloma was absent. Foci 
of nearocarcinoma occurred singly or simultaneously in multiple areas 
both in close proximity to and at varying intervals from each other, fre- 
quently becoming confluent to form a single massive carcinoma. Diffuse 
carcinoma in situ rather commonly arose where the epithelium was not 
acanthotic but instead atrophic, which parallels the experience with sun- 
light cancer in mau, which is often multicentric in development in atrophic 
skin. 

Acanthosis, hyperkeratosis, and papilloma occur regularly and spon- 
taneously in mice of strains I and dba and occasionally in mice of other 
strains (6). These changes may become pronounced under different 
dietary conditions which, however, fail to evoke cancer as, for example, 
in the control mice fed aqueous solutions or oil emulsions containing 
Aerosol. In mice ingesting aqueous mineral oil emulsions containing 
both Aerosol and other emulsifying agents but no carcinogens, these 
benign forestomach lesions reached their greatest peak of development 
and were frequently associated with inflammation and amyloid deposi- 
tion; yet in no instance did carcinoma of the forestomach occur. There- 
fore, it is important to contrast these benign hyperplastic changes with 
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the areas of nearocarcinoma which exhibited abundant evidence that they 
eventuated in carcinoma. Although in themselves benign, acanthosis, 
hyperkeratosis, and papilloma in all probability play a contributory role 
in the development of carcinoma under certain experimental conditions. 
In mice ingesting Aerosol, these changes increased progressively as stated, 
depending upon the vehicle whether water or olive oil or mineral oil 
emulsions. When to these oil emulsions the carcinogenic hydrocarbons 
were added, many more forestomach carcinomas were induced than with 
methylcholanthrene administered in the nonstabilized aqueous olive oil 
emulsion (3, 5) or incorporated in the diet (27). A possible explanation 
is that the thick layer of keratin absorbed the carcinogen, thus per- 
mitting the underlying tissues to be exposed to a heavier concentration 
of the hydrocarbon more continuously than would otherwise have been 
possible. 

Ingestion of mineral oil introduces the questions of its absorption from 
the intestine, its deposition in the tissues, and its interference with vitamin 
A metabolism. There are reports in the literature of its presence in 
blood, lymph, lymph nodes, liver, and subserosa of the bowel following 
oral administration (28, 29, 30, 31, 32, 33, 34, 35). In the present study, 
ine tissues were examined histologically with this point in mind. The 
abdominal and other lymph nodes showed no evidence of oil deposition in 
the paraffin sections, and there were no oil granulomas on the bowel. The 
livers of most of the mice showed no lesion. In strain I mice, the liver 
occasionally showed hepatic cell vacuolization and ceroid pigmentation, 
but these changes occurred in control and in experimental mice on regi- 
mens other than those of the mineral oil emulsions and may be related to 
the adenomatous gastritis which develops spontaneously. Other less direct 
evidence suggests that mineral oil was not absorbed in significant quanti- 
ties. This evidence is based upon differences in the occurrence of atropic 
lesions in certain organs and tissues and in the incidence and location of 
induced tumors in mice of two experimental groups (3, 5). Thus, mice 
ingesting the carcinogen incorporated in the olive oil emulsions developed 
tumors along the probable route of absorption of the carcinogen from the 
intestine as, for example, carcinoma of the small intestine, fibrosarcoma, 
and malignant hemangio-endothelioma of peritoneal and retroperitoneal 
tissues and pulmonary tumors. The effects of the absorbed carcinogen 
were further displayed in the pronounced atrophic changes occurring 
particularly in the genital and hematopoietic tissues and organs. By 
analogy, if the mineral oil emulsions containing the carcinogenic hydro- 
carbons had been similarly absorbed in appreciable amounts, the same 
sort and distribution of lesions might have been expected. This did not 
happen, however. On the contrary, there were few intestinal, peritoneal, 
retroperitoneal, and pulmonary tumors in the mineral oil fed mice, and 
the atrophic changes in the genital and hematopoietic tissues were mini- 
mal. This evidence suggests that for the most part the carcinogenic 
hydrocarbons were not absorbed from the intestinal tract. 


iets 
are 
are 
> 
f 
|. 
fe 


164 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Diets variously unbalanced as to their content of carbohydrate, protein, 
fat, and vitamins have resulted in the production of benign forestomach 
lesions in mice and rats (8, 36, 37, 38, 39). The question has arisen in 
the present experiment whether the acanthosis, hyperkeratosis, and 
papilloma observed in the mice ingesting mineral oil emulsion might not 
be attributed to a dietary and possibly a vitamin A deficiency. Inter- 
ference with the absorption of fat-soluble vitamins, particularly vitamin 
A and its precursor carotene, has been observed following oral adminis- 
tration of mineral oil (28). The effect of vitamin A deficiency on the 
forestomach of the mouse has been studied by Andervont (40). He 
reported the lesions of acanthosis, hyperkeratosis, and papilloma identical 
with those obtained by us in our control mice. He concluded that these 
manifestations vary in mice of different inbred strains. In those strains 
in which the older mice tend to develop forestomach lesions spontaneously, 
vitamin A deficiency is an accentuating factor. However, it is important 
to note that no carcinomas developed on the basis of the lesions of vitamin 
A deficiency, and, therefore, they cannot be considered in themselves as 
truly neoplastic lesions. It has frequently been assumed without suffi- 
cient evidence, we believe, that such hyperplastic lesions, when produced 
by nonspecific agents, are then readily pushed over into carcinoma by 
carcinogens. The association of acanthosis, hyperkeratosis, and papilloma 
with carcinoma in our experiments could just as readily be interpreted as 
due in part to the increased effective surface for the absorption of the 
carcinogen. 

SUMMARY AND CONCLUSIONS 


This paper presents a study of the morbid anatomy, histopathology, 
and histopathogenesis of squamous cell carcinoma of the forestomach in 
mice given, instead of drinking water, aqueous olive oil or mineral oil 
emulsions containing 20-methylcholanthrene or 1,2,5,6-dibenzanthracene. 

Of 425 experimental mice, 71 developed carcinoma, and of these 35 
showed secondary extension to adjacent organs and structures, implanta- 
tion, or metastasis. No sarcomas developed. 

Many of the experimental mice also exhibited acanthosis, hyperkera- 
tosis, papilloma, and nearocarcinoma of the forestomach mucosa. The 
role of these changes in the neoplastic process is discussed. 

One hundred forty-two control mice received no carcinogen. Some were 
given tap water, others distilled water, and the remainder, instead of 
drinking water, received an aqueous solution of Aerosol, or aqueous 
emulsions of olive oil or mineral oil with or without Aerosol. Acanthosis, 
hyperkeratosis, and papilloma appeared in many of the control mice. 
These changes were most pronounced in animals ingesting the mineral oil 
emulsions. None of these control mice developed nearocarcinoma or 
carcinoma. 

The morphological aspects of a lesion occurring in the experimental 
mice and which was designated the umbilicate lesion are described. 
This lesion invariably showed the features of nearcocarcinoma, and its 
significance in the scheme of neoplastic development is discussed. 
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Criteria were adopted for the diagnosis of squamous cell carcinoma and 
for distinguishing early neoplastic lesions from benign hyperplastic 
changes. 

Forestomachs in which carcinoma was arising exhibited concomitant 
local changes involving all strata of the epithelium, as well as the muscu- 
laris and the connective tissue stroma with its contained fibrillar and 
vascular structures. The relationship of these changes to the various 
theories of carcinogenesis is discussed. 

The possible relationship of long continued oral administration of 
mineral oil to the gastric lesions observed in experimental and control 
mice is discussed. 
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Unless otherwise stated: (1) The illustrations are from the forestomach; (2) the 
animals from which the illustrations were made were fed emulsions containing either 
methylcholanthrene or dibenzanthracene; (3) the sections were stained with hema- 
toxylin and eosin; (4) all illustrations are photomicrographs. 


a 
os 
). aye 
f. 
‘ 
in 
t- 
if a 
t. 
= 
1s 
= 
ls 
il 
ie 
d 
d 
a 
a 
ek 
‘ 


PLATE 16 


Figure 1.—A, Acanthosis, hyperkeratosis, and multiple papillomas. Pyloriec chamber 
somewhat compressed but otherwise shows no significant change. XX 10. B, The 
diffuse lesion is characterized by acanthosis and hyperkeratosis and elongation of 
retia; the lamina propria is strikingly papillary and contains amyloid. X 117. 
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Figure 2.—A, Umbilicate lesion occupies the lamina propria and indents the muscu- 
laris mucosa; the epithelium shows the changes of nearocarcinoma, and the central 
cavity shows parakeratosis. X 120. B, Umbilicate lesion showing nearocarcinoma. 
Some granular cells are absent; others, hypertrophied and filled with eleidin granules 
of irregular size, shape, and staining. To the right of the center and in the upper 
left area are cell-like objects packed with numerous fine acidophilic granules. Other 
rounded objects are filled with acidophilic hyaline material. Above the lesion there 
is a break in the keratin and an infiltration of inflammatory cells. 235. 
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Figure 3.—A, Umbilicate lesion, showing inflammatory focus at the keratin-epithelial 
junction, a break in the keratin above, nearocarcinoma in the epithelium below, and 
hyperemia, telangiectasis, and inflammatory cells in the lamina propria. 183. 
B, Umbilicate lesion. There is a defect in the keratin layer above, absence of the 
granular layer, inflammatory cell infiltration, and nearocarcinoma. The basal layer 
is absent, and small infiltrating plugs of atypical epithelium extend into the under- 
lving lamina propria. 130 
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Figure 4.—A, Umbilicate lesion, later stage. In addition to the features exhibited in 
figure 3, B, there is infiltration of submucosa. < 80. B, Umbilicate lesion, show- 
ing small areas of colliquative degeneration within the acanthotie epithelium. 
Within and below the focus are altered cells. % 210. 
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Figure 5.—A, Umbilieate lesion, showing a shaftlike process, composed of parakera- 
totic cells and *‘Corps Ronds’’. At the base of the lesion are looplike proliferations 
of altered basal cells. % 110. 3B, Umbilicate lesion. The depressed portion is 
filled with a concentric mass of compact keratin and parakeratotie material. Below 
the point of attachment is a focus of degeneration bordered by loosely arranged 
cells. There is amyloid deposition and inflammatory cell infiltration in the lamina 
propria. X 210. 
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Figure 6.—4A, Papilloma covered by acanthotie hyperkeratotie epithelium. 22. 
B, Sessile papilloma. There are numerous plugs of neoplastic epithelium infiltrating 
the lamina propria. There is a defect in the overlying keratin. There are inflam- 
matory cells bordering this defect and in the submucosa. X 70. 
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Figure 7.—A, Papillary lesion. A rete has extended through the muscularis mucosa; 
in the submucosa below there is a solitary plug of squamous epithelium within a 
vessel. ™ 33. B, This is the neoplastic deposit within a thin-walled vessel from 
figure 7, A. Note also the inflammatory reaction and widening of the submucosa 
together with degenerative changes in the connective tissue stroma. % 220. 
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Figure 8.—A, Papillary lesion resembling a seborrheic keratosis. 


The base is pegged 
down to the muscularis mucosa. * 70. 3B, Base of papilloma. Degeneration of 
submucosa and muscularis. % 120. C, Base of papilloma. Nearocarcinoma, 


beginning infiltration. Submucosa shows inflammatory reaction 


and collagen 
degeneration. Van Gieson’s stain. X 115. 
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Figure 9.—A, Umbilicate lesion, showing reticulum impregnated with silver. The 
basement membrane over parts of the area is intact. It is interrupted at a point 
where the epithelium is altered and beginning to infiltrate. > 240. 3B, Umbilicate 
lesion showing nearocarcinoma and early infiltration. Compare with 9, A. »X 120. 
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Figure 10.—A, Submucosa below a papilloma. 
scrambling of the fibers. Van Gieson’s stain. > 
lum, mucosa to right, muscularis propria on left. 


Degeneration of collagen with 
120. 8B, Degeneration of reticu- 
Silver impregnation. X 120. 
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Figure 11.—A, Multicentrie carcinoma in situ involving more than one-half of the 

circumference. % 44. B, Area of diffuse nearocarcinoma, in atrophic mucosa. 

75. C, Elongated rete snaking through muscularis mucosa, representative of the 
change occurring in virtually all parts of forestomach of this mouse. X 110. 
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Figure 12.—4A, Lower esophagus showing dilatation, acanthosis, hyperkeratosis and 
inflammatory reaction in submucosa. 60. B, Esophagus showing focus of 


nearocarcinoma with limited infiltration. > 70. 
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Ficure 13.—<A, Localized area of carcinoma. In addition there is acanthosis, hyper- 
keratosis, and papilloma. X 10. 8B, Small localized carcinoma. The infiltrating 
neoplastic cells have extended through all coats of the viscus and formed a nodule on 
the serosal surface. % 73. C, Margin of localized carcinoma showing infiltration 
through entire wall of forestomach and formation of neoplastic nodule on serosa. 
Cirea 50. 
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Figure 14.—Massive carcinoma. Gross photographs. <A, Serosal aspect. B, 
Mucosal aspect. C, Appearance at autopsy. 
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Figure 15.—A, Carcinoma composed of anastomosing cords of cells with moderate 
pearl formation. ™ 130. 8B, Carcinoma composed of closely packed cords and 
nests of cells with little keratinization. > 130. C, Carcinoma composed of broad 
papillary areas with scattered small pearls and sparse stroma. 200. 


PLATE 30 


VOL. 10 


NSTITUTE 


NCER I 


NAL CA 


JOURNAL OF THE NATIO 


| a * ww ~ = ~ » 


PLaTE 31 


Figure 16.—A, Carcinoma composed of large masses of keratin surrounded by narrow 
rim of tumor cells. X 132. B, Carcinoma showing liquefaction of many pearl|s 
giving a pseudoglandular appearance. XX 110. 
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Figure 17.—Metastatie carcinoma. 
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A, Liver. 
105. 


63. B, Mesenteric lymph node. 
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Figure 18.—A, Pancreas; infiltrating carcinoma. 


tumor thrombus. 
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B, Inferior vena cava; 
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Figure 19.—A, Spleen; direct invasion by carcinoma. 110. B, Kidney; metas- | 
tatic carcinoma. 80. 
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Figure 20.—A, Genital omentum; implantation carcinoma. 183. B, Esophagus 
showing dilatation secondary to obstruction by a mass of infiltrating carcinoma from 
the forestomach. X 19. 


= 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 10 PLATE 35 


: 


PLATE 36 


Fictre 21.—4A, Subcutaneous tissue. Second generation transplant of forestomech 
carcinoma. X 10. B, Lung; metastasis of squamous cell carcinoma from sub- 
cutaneous transplant. X 18. C, Glandular stomach near limiting ridge showing 
secondary infiltration from forestomach carcinoma. 70. 
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FiGgure 22.—Forestomach of control mouse ingesting tap water. A, Phosphotungstic 
acid hematoxylin stain. B, Van Gieson’s stain. C, Silver impregnation for reticu- 
lum. ™% 120. D, Glandular stomach. Extension of atypical glands into sub- 
mucosa. The muscularis propria is intact. Female mouse of strain A backeross 
fed methylcholanthrene mineral oil emulsion for 8 months. 63. 
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Fictre 23.—Control mice ingesting mineral oil Aerosol emulsion. A, There are 
acanthosis and hyperkeratosis, a pronounced inflammatory reaction of the lamina 
propria and submucosa, but no evidence of nearocarcinoma. X 19.  B, Papil- 
loma. 62. 
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Figure 24.—Esophagus; control mice ingesting mineral oil Aerosol emulsion. A, 
Acanthosis and hyperkeratosis; inflammatory infiltrate in mucosa, lamina propria, 
and submucosa. % 125. 3B, Focal acanthosis and hyperkeratosis. 100. 
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THE CARCINOGENIC ACTION OF 9,10- 
DIMETHYL-1,2-BENZANTHRACENE ON 
THE SKIN AND SUBCUTANEOUS TISSUES 
OF THE MOUSE, RABBIT, RAT, AND 
GUINEA PIG?? 


By I. Berensium,? Ozford University Research Centre of 
the British Empire Cancer Campaign, Oxford, England 


INTRODUCTION 


The potency of a carcinogen can have no absolute value, since it 
varies according to the species and strain of animal used and the par- 
ticular tissue on which the test is applied. The relative values, in respect 
to different species, strains, and tissues, therefore, become all the more 
important. 

From the early studies, with tar used as carcinogen and skin as test 
tissue, it seemed that the rat and guinea pig were less susceptible to car- 
cinogenic action than the mouse and rabbit (1). Subsequently, with the 
introduction of synthetic carcinogens and with routine tests performed on 
subcutaneous tissue as well as on skin (2, 3, 4, 5, 6), it became apparent 
that response to carcinogenic action was not a single attribute of the 
animal as a whole, since the rat (one of the refractory animals for skin 
carcinogenesis) proved to be the most susceptible of all when tested by 
subcutaneous injection. When tar was re-examined for its carcinogenic 
properties and found to contain other potent carcinogens apart from 3,4- 
benzpyrene (7), a further example of dissociation of species response was 
observed. Unlike benzpyrene, which is much more active on mouse 
than on rabbit skin, some of these other carcinogenic constituents of tar 
proved to be highly active on rabbit but not on mouse skin. 

Evidently, tissue response to carcinogenesis was also a relative function, 
dependent on the use of the appropriate agent for that particular tissue. 

It was felt that further information about the appropriate agents for 
the various tissues of different species would be useful as a practical guide 
in the choiceof locally-acting carcinogens suitable for particular experi- 
mental needs, instead of the tendency of using the same carcinogen for 
all purposes. 

As a first approach towards this aim, tests were carried out on skin and 
subcutaneous tissues of rabbits, rats, and guinea pigs, with 9,10-di- 

! Received for publication May 17, 1949. 

? A preliminary account of this work appeared in the 23d Annual Report of the British Empire Cancer Cam- 
paign, pp. 105-106 (1946). 


3 At present, visiting Special Fellow at the National Cancer Institute, National Institutes of Health, Public 
Health Service, Bethesda, Md. 
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methyl-1,2-benzanthracene as carcinogen, for comparison with similar 
data for the mouse. 


TaBLe 1.—Tumor production by subcutaneous injection of 9,10-dimethyl-1,2- 


benzanthracene 
Animal Dose D 
tion of bearers Potency 
Kind sex | me. | | | tumors | 
Months Months 
Rabbits 4 M in left 
ank. 
4| F | 4/05 in right |f----- 19 0 |-------- 0 
flank. 
20 | 15 16/19 4-15 VII 
Guinea 10 N 19 8/10 5-13 VII 
pigs. 
20 M 33 7/18 | 5. 5-15 5 


! Calculated from data of Shear et al. (8). 
MATERIALS AND METHODS 


The mice, rabbits, rats, and guinea pigs were from laboratory stock 
(Dunn School of Pathology, Oxford) inbred for several years, though not 
constituting genetically pure strains. The mice, rats, and rabbits were 
albinos; the guinea pigs were cream, brown, or brown and white. 

For skin painting, the carcinogen was applied in benzene (acetone, in 
one experiment), delivered from a capillary tube: One drop for mice; two 
or three drops for rats and guinea pigs; and about six to eight drops (to 
cover an area of about 2 inches square) for rabbits. The site of applica- 
tion was the interscapular region, in mice; the middle of the back, in 
rats and guinea pigs; and either the ears alone (inner surface) or ears and 
four additional shaved areas of the flanks, in rabbits. No chemical 
depilator was used, the hair being clipped with scissors (mice) or electric 
clippers (rats, rabbits, and guinea pigs). 

A solution of the carcinogen in tricaprylin was used for subcutaneous 
injections unless otherwise stated. One single injection into the flank 
was given per animal, the concentration and volume injected varying in 
different experiments, as indicated in table 1. 

All the induced tumors were confirmed by histological examination of 
Zenker-fixed paraffin sections stained with hematoxylin and eosin and, in 
some cases, by van Giesen’s and Mallory’s stains. 


RESULTS 


The results with skin painting are summarized in table 2, which also 
includes some data from the literature, for comparison. 

The rapid tumor production in rabbit epidermis by painting with 
9,10-dimethyl-1,2-benzanthracene reported previously (10) is confirmed. 
A lower concentration (0.5 instead of 1.0 percent) and less frequent 
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application (once instead of twice weekly) led to a slight lengthening of 
the latent period and a consequent slight lowering in potency grade. 
Yet, even under these conditions, the rabbit proved the most susceptible 
of the four species for skin carcinogenesis, or at least as responsive as the 
mouse. In the newer series, the carcinogen was applied to areas of skin 
of the flank, as well as to the inner surface of the ears, and the tests were 
duplicated, using benzene and acetone, respectively, as solvents. No 
significant differences could be noted by these variations in method. 
While papilloma production was very rapid, conversion to malignancy 
was slow. No metastases were found. 

Applications of the carcinogen to the mouse’s skin once weekly in a 
concentration of 0.1 percent in benzene led to a high tumor yield in a 
relatively short time (average latent period, 13 weeks), with a tendency 
for many of the tumors to become malignant at a later date. 

The tumor response of the rat’s skin to a 0.5 percent solution of the 
carcinogen applied once weekly for 45 weeks was fairly high, 14 out of 19 
survivors developing tumors, 11 of which ultimately became malignant. 
However, the latent periods were prolonged (average, 30 weeks), providing 
a potency of Grade VI. (This is comparable to the potency for 1,2,5,6- 
dibenzanthracene for mouse’s skin (9)). Some of the skin tumors in the 
rats arose as soft, sessile papillomas, some as hard warty outgrowths, 
while a few were malignant ulcers from the start. All those that ulti- 
mately became malignant appeared histologically as well-differentiated 
keratinizing squamous carcinomas (pl. 40, fig. 1), a feature also seen in a 
lymph-node metastasis from one of the tumors. 

The skin tumors in the guinea pig were of special interest, since no 
such induced (or spontaneous) neoplasms have been reported in the 
literature. (The three squamous carcinomas in guinea pigs, observed 
by Steiner (12) at the site of injection of methylcholanthrene in the 
salivary gland, were presumably not of epidermal origin.) 

Of the four skin tumors induced in the guinea pigs in the present 
investigation, one was a papilloma that did not grow much in size; the 
other three were malignant neoplasms. 

The first to appear, after 30 weeks of painting, was a malignant melanoma 
which arose on the brown skin of a brown and white animal. It began 
as a small, raised, encrusted outgrowth, which grew progressively, with 
a tendency to bleed from the surface. The melanotic nature of the 
growth was not recognized until examined histologically, the dark appear- 
ance having been mistaken for hemorrhage. When the animal was killed, 
9 weeks later, the tumor was about 15 mm. in diameter, infiltrating the 
underlying tissues. There was a secondary mass in the axilla. Histo- 
logically, the primary growth was found to be a typical malignant mela- 
noma, the tumor cells having a somewhat carcinomatous structure (large 
polygonal cells) towards the surface (pl. 40, fig. 2) and more of a sarcoma- 
tous appearance (small spindle cells) in the deeper parts (pl. 40, fig. 3), 
with fine melanin granules in some of the tumor cells, and many coarsely- 
pigmented macrophages dispersed through the tumor. The axillary lesion 
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was a metastatic growth in a lymph node, relatively less pigmented, but 
with numerous pigmented macrophages (pl. 41, fig. 4). Mitoses were 
present in the primary growth and, more abundantly, in the metastasis. 

The other two malignant skin tumors in the guinea pig were also of an 
unusual character. One was a squamous carcinoma with only occasional 
evidence of pearl formation, the growth consisting mainly of fingerlike 
strands of small epithlial cells with hyperchromatic nuclei, lying in an 
abundant fibrous matrix (pl. 41, fig. 5). The other tumor was a spindle- 
cell sarcoma, ulcerating at the surface (pl. 42, fig. 6). 

The results of subcutaneous injection of the carcinogen in the four 
species are summarized in table 1. No tumors developed at the site of 
injection of 20 mg. of the compound in the rabbit (in striking contrast to 
the high sensitivity of this species to skin carcinogenesis with this com- 
pound). The mice, rats, and guinea pigs all yielded tumors at the site 
of injection in a high proportion of cases, with very similar latent periods. 
However, the dose of carcinogen required to produce the effect differed 
greatly, the mouse requiring the smallest dose and the guinea pig the 
largest. 

Histologically, the induced tumors in the rats and guinea pigs were 
predominantly spindle-cell sarcomas, with variation in pattern from well- 
differentiated fibrosarcoma type to highly atypical mixed-cell sarcomas 
with tumor giant cells, abnormal mitoses, and other evidence of rapid 
growth (pl. 42, fig.7). In the case of the female rats, there was evidence 
of the carcinogen having acted upon the mammary tissue as well as on the 
connective tissue, since in 3 cases there was found, included in the sarco- 
matous tissue, abnormally proliferating mammary-duct epithelium, sug- 
gestive of the possibility, in at least 1 case, of neoplastic transformation 
(pl. 42, fig. 8). Of the 16 tumors developed in the rat at the site of 
injection, 1 was a keratininzing squamous carcinoma. 


DISCUSSION 


The administration of 9,10-dimethyl-1,2-benzanthracene to the skin 
and subcutaneous tissues of four different species of animals, elicited some 
interesting and unexpected results. 

The noteworthy features with skin painting were: (1) The order of 
responsiveness, which was rabbit, mouse, rat, guinea pig; (2) the excep- 
tionally high susceptibility of the rabbit’s skin to this carcinogen (as 
already emphasized previously (10)); and (3) the fact that tumors de- 
veloped at all in the rat and, more especially, in the guinea pig. 

In the early studies with tar, the rat’s skin was thoroughly investigated 
for carcinogenic response (for reviews, see 1, 13). The majority of investi- 
gators failed to obtain any tumors. When a positive result was obtained 
(14, and others), the tumor yield was low and the latent period very long. 

Synthetic carcinogens have been tested on rat skin in very few cases. 
Oberling et al. (15) obtained no tumors of the skin in 10 rats after 10 
months’ twice-weekly painting of 1.0-percent benzpyrene in benzene. 
However, they subsequently reported (13) tumors in all of 9 rats that 
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survived a much longer period, the average latent period being 16 months 
This corresponds to a potency of Grade IV, as compared with Grade VIII 
for the same carcinogen on mouse skin (9). With 9,10-dimethyl-1,2- 
benzanthracene (see table 2) the potency for rat skin was Grade VI. 
Rat skin has also been painted with methylcholanthrene (16): Only 4 
out of 22 were alive after 1 year, and 2 of these developed papillomas 
which later became malignant, on the 178th and 329th day. This would 
correspond to Grade V. Thus, of the 3 carcinogens so far tested on rat 
skin, 9,10-dimethyl-1,2-benzanthracene appears to be the most potent, 
as is also true of rabbit (10) and mouse skin (9). This is all the more 
true of the guinea-pig skin, which has given negative results with 
benzpyrene (15) and methylcholanthrene (17) although the duration of 
painting with the latter compound was inadequate for a satisfactory test. 

Oberling and Guérin (13) drew attention to the fact that skin tumors 
(induced with synthetic carcinogens) in the rat differed from those induced 
with tar in that the former tended to be basal-cell in type, while those 
induced with tar were squamous-cell carcinomas. The present results 
with 9,10-dimethyl-1,2-benzanthracene do not substantiate this generali- 
zation, as all the malignant tumors in the present series were highly 
keratinizing squamous carcinomas. 

The surprising feature of theresults of injection of the carcinogen in 
the four species was the failure to induce a tumor in rabbits, the species 
most sensitive to skin painting. It should be noted that the carcinogen 
was injected into the very loose subcutaneous tissues, from which the 
carcinogen may well have disappeared or chemically changed too early 
for tumor-production to have had a chance. This was borne out by 
examination of the sites of injection in ultraviolet light at autopsy: 
No fluorescence was visible even in one that died 8 weeks after injection, 
in contrast to the persistent fluorescence for many months in the case of 
the other three species. It is possible that sarcomas might have arisen 
had the carcinogen been injected intramuscularly. It should be noted 
that sarcomas have been induced in the rabbit by methylcholanthrene 
(18, 19), though not by benzpyrene (20). 

Sarcoma production in mice, rats, and guinea pigs by subcutaneous 
injection of 9,10-dimethyl-1,2-benzanthracene was to be expected, in view 
of the ready susceptibility of these tissues to several other carcinogens. 
Previous work has shown that the rat is, if anything, more responsive to 
subcutaneous sarcoma-production than the mouse, while the guinea pig 
is fairly responsive, requiring larger doses or more than a single injection 
(21, 22, 23). The same is true for 9,10-dimethyl-1,2-benzanthracene. 

The inclusion of proliferating mammary tissue within an induced 
subcutaneous sarcoma in female animals, with a tendency for these tissues 
to undergo neoplastic transformation, has also been previously observed (24). 

In view of the differences in dosages, numbers of injection, and solvents 
used by different investigators, it is difficult to make strict comparisons 
between the potencies of the various carcinogens for the four species by 
subcutaneous injection. It would appear, however, that 9,10-dimethyl- 
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1,2-benzanthracene, the most potent of all the carcinogens so far tested 
for skin carcinogenesis, is no more, and probably somewhat less, potent 
for the various species when tested by the subcutaneous route. 

Thus, this carcinogen may be more useful than methylcholanthrene or 
dibenzanthracene for the production of epithelial tumors, where the con- 
comitant development of sarcomas would be an undesirable complication. 
It is, however, not ideal for the purpose, since its sarcogenic action is still 
pronounced for certain species. 


SUMMARY 


A comparative study was made of the carcinogenic action of 9,10- 
dimethyl-1,2-benzanthracene on skin and subcutaneous tissues of the 
mouse, rabbit, rat, and guinea pig. 

The order of responsiveness to skin painting was: Rabbit, mouse, rat, 
guinea pig. In all four species, the skin response to carcinogenesis was 
found to be greater with 9,10-dimethyl-1,2-benzanthracene than with 
other carcinogens so far tested. 

The induction of skin tumors in four out of nine surviving guinea pigs 
was of special interest, since no skin tumors have been reported previously 
in this species. One of the induced skin tumors was a malignant melanoma 
with a metastasis in the axillary lymph node. 

In contrast to the striking response of the rabbit’s skin to this carcinogen, 
no tumors were obtained in this animal by subcutaneous injection of 20 
mg. in tricaprylin. It is suggested that the negative response may have 
been due to the exceptionally rapid disappearance of the carcinogen from 
the site of injection, as evidenced by the absence of fluorescence even 
after a few weeks. 

The mouse, rat, and guinea pig were equally responsive to carcinogenesis 
by subcutaneous injection, although the dosage required to elicit this 
response was very different: 0.35 mg. for the mouse, 1.0 mg. for the rat, 
and 20 mg. for the guinea pig, given as single injections. 
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Puiate 40 


Figure 1.—Keratinizing squamous carcinoma of the skin of a rat after 41 weeks of 
painting with 9,10-dimethyl-1,2-benzanthracene. XX 85. 


Ficure 2.—Malignant melanoma of the skin of a guinea-pig after 39 weeks of painting 
with 9,10-dimethyl-1,2-benzanthracene. This shows the part of the tumor near 
the surface, with large tumor cells and vesicular nuclei and numerous macrophages 
containing pigment. X 300. 


Ficure 3.—Same tumor as in Figure 2. Deeper parts, showing smaller tumor cells 
and more sarcomatous in arrangement. X 300. 
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Ficgure 4.—Low power view of metastasis of melanoma (see figs. 2 and 3) in axillary 
lymph node. X 90. 

Figure 5,—Squamous carcinoma of unusual type, with cords of tumor cells invading 

extensively, in a dense fibrous stroma. Developed in the skin of a guinea-pig at 

the site of painting with 9,10-dimethyl-1,2-benzanthracene for 78 weeks. X 200 , 
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Figure 6,—Spindle-cell sarcoma of guinea-pig skin developed at the site of 78 weeks 
of painting with 9,10-dimethyl-1,2-benzanthracene. X 300. 

Figure 7.—Sarcoma with marked pleomorphism, suggestive of an angioendothelioma, 
developed in a guinea-pig at the site of injection of 20 mg. of 9,10-dimethyl-1,2- 
benzanthracene. X 150. 


Ficure 8. 


Spindle-cell sarcoma with hyperplastic mammary duct epithelial strue- 
tures, probably malignant, developed at site of injection of 9,10-dimethyl-1,2- 
benzanthracene in a female rat. X 150. 
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EFFECT OF PENICILLIN ON THE DEVEL- 
OPMENT OF MAMMARY TUMORS IN 
MICE CONTAINING THE MILK AGENT! 


By B. E. Bennison, National Cancer Institute, National 
Institutes of Health, Public Health Service, Bethesda, Md. 


The milk agent (/, 2), which is associated with a high incidence of mam- 
mary tumors in certain strains of inbred mice, has been passed through 
Berkfeld N filters (3, 4), has been recovered after serial passage through 
susceptible animals (5, 6), and has elicited neutralizing antibodies in the 
rabbit (3, 7) and in the rat (7). 

Although penicillin has shown little effect on most virus infections (8), 
its use in mice with lymphogranuloma venereum (9), and psittacosis (10, 
11) suggested its trial in mice containing the milk agent. Data are pre- 
sented below on the penicillin treatment of adult mice of a high mammary 
tumor line and young mice inoculated with mammary tumor extract. 


PENICILLIN TREATMENT OF ADULT MICE OF A HIGH MAMMARY 
TUMOR LINE 


Four- to six-month-old strain C (12) female mice, from a subline con- 
taining the milk agent (5), were divided into three groups according to 
time of treatment with penicillin. Group I mice were treated before 
breeding, at approximately 3 months of age. Group II mice were treated 
after their second litters had been weaned, at approximately 7 months of 
age. Group III mice were kept as untreated controls. All mice were 
allowed to have two litters, the first of which was removed within 48 
hours of birth, the second at weaning, and each mouse was examined at 
weekly intervals for tumors. 

The penicillin used was an impure preparation taken from a pool which 
assayed 4,600 units per cubic centimeter but did not pass the pyrogen test 
for human use. It was stored in the frozen state and thawed on the day 
of use. Treated animals received 1 cc. subcutaneously twice daily for 10 
days with a 2-day interval following the fifth treatment day. Each injec- 
tion approximated 230,000 units per kilogram which approaches the max- 
imum tolerated dose (13). 

The development of mammary tumors in the three groups is presented 
in table 1, which includes all mice living 8 months or more. The essen- 
tially equal tumor incidence? in groups I, II, and III indicates that the sub- 


1 Received for publication May 13, 1949. 
3 In no instance was the observed difference in tumor incidence statistically significant. 
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cutaneous administration of penicillin to C mice, that received the milk 
agent during their nursing period, had no significant effect on the sub- 
sequent development of mammary tumors. 


TaBLeE 1.—Development of mammary tumors in females of a high tumor subline of C 
mice treated with penicillin at 3 to 7 months of age and in their first and second generation 
female offspring 


Average 
Mammary age at | Average 
Mice tumors which | age at 
Group Treatment | (Num- tumors | death 
ber) devel- | without 
Num- Per- oped | tumor 
| ber cent | (days) | (days) 
| 
I_....-..| Penicillin before breeding--------.--- | 14 11 79 314 591 
: Penicillin after breeding------------ 13 11 85 | 323 556 
| Untreated | 17} 15| 88| 643 
EES | First generation females of group I- - 31 26 84 310 534 
es: First generation females of groups | 
BR 45 41 91 | 257 738 
| Second generation females of groupI_| 22, 18 82 | 334 539 
es sical | Second generation females of groups | 


To provide information on the effect of penicillin on the natural trans- 
mission of the milk agent, the females of the second litters were in turn 
allowed to have two litters, the first of which was removed within 48 
hours of birth, the second at weaning. This process was repeated in their 
offspring so that female mice of the first and second generation, as well as 
the original mice, each of which had borne two litters, were available for 
study. 

The comparable tumor incidence * in first generation females from 
treated and control mothers (groups IV and V, table 1) and in second 
generation females from treated and control mice (groups VI and VII, 
table 1) indicates that penicillin, given to C mice containing the milk 
agent, produced no detectable interference with the transmission of the 
agent to their female offspring. 


PENICILLIN TREATMENT OF YOUNG MICE INOCULATED WITH 
MAMMARY-TUMOR EXTRACT 


Seven to nineteen day old C3Hb (12) female mice were divided into 
experimental and control groups and injected intraperitoneally with 0.5 
cc. of a 10-percent saline suspension of mammary tumors from I X C3H 
hybrids (14) containing the milk agent. Each mouse in the experimental 
group received 10 subcutaneous injections of 0.5 cc. of the previously 
described penicillin, starting an hour before the injection of the tumor 
extract, and continuing for 8 days with a 2 day rest period following the 
fifth treatment day. Mice in the control group received no treatment. 
As before, the mammary-tumor incidence was observed in females of 
the first and second generations as well as in the original mice. The 
observations are summarized in table 2. 


4 In no instance was the observed difference in tumor incidence statistically significant. 
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TaBLE 2.—Development of mammary tumors in C3Hb female mice treated with penicillin 
at the time of inoculation with mammary-tumor extract and in their first and second 
generation female offspring. 


M Average| 

jammary ATES average 

Mice which | th 
Group Treatment (num- tumors | without 

ber) Num- | Per- | 4&velop-| “tumor 

ber cent else (days) 
| Pentelllin 15 100) 347 |..-.-..- 
First generation females of group A-- 17 17 
ee First generation females of group B-- 7 6 86 | 280 477 
| ae Second generation females of group A- 17 14 82 268 449 
ee Second generation females of group B_ 23 16 70 | 323 334 


The incidence of mammary tumors in the untreated controls of group 
B indicates that the mammary-tumor extract used was active. The 
development of tumors in the treated animals of group A indicates that 
this tumor extract was able to produce tumors in C3Hb mice that pre- 
sumably had a substantial blood level of penicillin at the time of injection. 

The incidence ‘ of mammary tumors in groups C, D, E, and F indicates 
that penicillin given concurrently with mammary-tumor extract to young 
C3Hb mice did not detectably interfere with the subsequent transmission 
of the milk agent to their female offspring. 


COMMENT 


An impure preparation of penicillin was selected so that effects of 
various molecular species of the antibiotic (15) might manifest themselves. 

Penicillin-susceptible viruses thus far have been confined to the ornitho- 
sis-lymphogranuloma venereum group of large virus molecules (8, 9, 10, 11). 
The apparent resistance of the milk agent to penicillin is thus consistent 
with other data (16,17) suggesting that it may belong to the group of 
smaller virus molecules. 

SUMMARY 


Penicillin treatment of adult strain C mice of a high mammary-tumor 
subline had no detectable effect on the development of mammary tumors 
in the treated mice or in their offspring. 

Penicillin treatment of young C3Hb mice at the time of injection with 
mammary-tumor extract likewise did not detectably affect the develop- 
ment of mammary tumors in the treated mice or in their offspring. 


REFERENCES 


(1) Brrrner, J. J.: The mammary tumor milk agent. Ann. N. Y. Acad. Sci. 49: 
69-73 (1947). 

(2) ANDERVONT, H. B.: The mammary tumor agent and its implication in cancer 
research. Yale J. Biol. & Med. 18: 333-344 (1946). 


‘In no instance was the observed difference in tumor incidence statistically significant. 


8444784912 


k 
> 
7 
1 Si 
3 
4 
‘ 
- 
& 
L 
q 


178 
(3) 
(4) 
(6) 


(6 


(7 


(8 


(9) 


(10) 


(11) 


(12) 
(13) 
(14) 
(15) 


(16) 


(17) 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


AnpERVoNT, H. B., and Bryan, W. R.: Properties of the mouse mammary- 
tumor agent. J. Nat. Cancer Inst. 5: 143-149 (1944). 

Barnum, C. P., Baut, Z. B., Brrtner, J. J., and Visscner, M. B.: The milk 
agent in spontaneous mammary carcinoma. Science 100: 575-576 (1944). 
AnpvERvonT, H. B.: Note on the transfer of the strain C3H milk influence through 
successive generations of strain C mice. J. Nat. Cancer Inst. 2: 307-308 

(1941). 

GREEN, R. G., Moosgy, M. M., and Bittner, J. J.: Serial transmission of the 
milk agent of mouse mammary carcinoma. Proc. Soc. Exper. Biol. & Med. 
61: 362-363 (1946). 

GREEN, R. G., Moosey, M. M., and Bittner, J. J.: Antigenic character of the 
cancer milk agent in mice. Proc. Soc. Exper. Biol. & Med. 61: 115-117 (1946). 

ParkKeER, R. F., and Dierenporr, H. W.: Effect of penicillin on certain viruses. 
Proc. Soc. Exper. Biol. & Med. 57: 351-354 (1944). 

Heitman, F. D.: The effect of penicillin on experimental infections with the 
virus of venereal lymphogranuloma. Proc. Staff Meet. Mayo Clinic 21: 
237-240 (1946). 

Bepson, S. P., and May, H. B.: Penicillin in experimental psittacosis of mice. 
Lancet 2: 394-396 (1945). 

Earty, R. L., and Moraan, H. R.: Studies on the chemotherapy of viruses in 
the psittacosis-lymphogranuloma venereum group. IV. Effect of certain 
chemotherapeutic agents on psittacosis virus (6BC strain) infections in mice. 
J. Immunol. 53: 251-257 (1946). 

Law, L. W.: Mouse genetic news. J. Heredity 39: 300-308 (1948). 

Jawetz, E.: Dynamics of the action of penicillin in experimental animals. 
Arch. Int. Med. 77: 1-15 (1946). 

ANDERVONT, H. B., Saimxin, M. B., and Bryan, W. R.: Technique suitable for 
quantitative studies on the mammary tumor inciter of mice. J. Nat. Cancer 
Inst. 3: 309--318 (1942). 

ComMITTEE ON Mepicat Researcna, O. S. R. D., Wasnineton, D. C. ann 
THE MepicaLt ResearcH Councit, Lonpon: Chemistry of penicillin. Science 
102: 627-629 (1945). 

Kaater, H., Bryan, W. R., and Sipz, H. M.: Ultracentrifugal studies of some 
complexes obtained from mouse milk, mammary tumor, and other tissues. 
J. Nat. Cancer Inst. 4: 37-45 (1943). 

Porter, K. R. and THompson, H. P.: A particulate body associated with 
epithelial cells cultured from mammary carcinomas of mice of milk-factor 
strain. J. Exper. Med. 88: 15-24 (1948). 


|| 
|| 
) 


OBSERVATIONS ON THE EFFECT OF A 
FOLIC-ACID ANTAGONIST ON TRANS- 
PLANTABLE LYMPHOID LEUKEMIAS IN 
MICE !? 


By L. W. Law, THetma B. Dunn, PETER J. Boye, and 
J.H. Mitter, National Cancer Institute, National Institutes 
of Health, Public Health Service, Bethesda, Md. 


Recently several synthetic compounds which apparently antagonize 
the action of folic acid have been described (1, 2, 3, 4). One of these, 4- 
aminopteroylglutamic acid,’ has been of special interest in the cancer field. 
Farber et al. (5, 6) have described the production of temporary remissions 
in the course of acute leukemias in children with this compound. Little 
et al. (7) demonstrated that Rous sarcoma failed to grow in chicks fed a 
balanced diet containing folic acid if treated with three different folic- 
acid antagonists, one of which was aminopterin. Schoenbach et al. 
(8) have reported an effect of aminopterin on the rate of growth and the 
histology of Sarcoma 180 grown in CF,, Carworth Farms, mice. 

The results of therapy with this folic-acid antagonist in the hands of 
various workers has differed, although it is obvious that remissions 
induced by the drug and not spontaneous in nature are produced especially 
in the acute leukemias of children (5, 6, 9, 10, 11). The results of Bur- 
chenal et al. (12) in transplantable leukemias in mice indicate a slight 
and irregular therapeutic activity as determined by prolongation of sur- 
vival time in two of four leukemias tested although there resulted no 
demonstrable cytocidal effect of aminopterin such as characterizes the 
nitrogen mustards, particularly, methyl bis(8-chloroethyl) amine HCl. 

The observations of Hertz (13, 14) that the very rapid formation of 
new tissues in the genital tract of the chick can be inhibited by an anti- 
vitamin and that a direct relationship exists between the degree of hyper- 
trophy and folic acid intake suggest a probable requirement for folic 
acid in the formation of normal tissues. This has suggested that a study 
of the effects of available antivitamins on the leukemias of mice may 


provide possible mechanisms which interfere with or impair the growth of 
leukemic cells. 


1 Received for publication June 2, 1949. 


? Presented in part at the Fortieth Annual Meeting, American Association for Cancer Research, Detroit, April 
16-17, 1949. 


3 Referred to hereinafter as aminopterin. 
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METHODS AND MATERIALS 


In the study reported herein, we have observed the effects of 4- 
aminopteroylglutamic acid (N-[4-{[(2,4-diamino-6-pteridy])-methy]]- 
amino} benzoyl] glutamic acid), aminopterin,t on four transplantable 
lymphomas in mice. (See table 1.) Three of these were acute lymphoid 
leukemias of stem-cell type, the other a lymphosarcoma. Definite 
inhibitory effects were observed in the most acute type, lymphoid leu- 
kemia L 1210 and are described in detail. 

Leukemia L 1210 arose in female 234, strain dba, subline 212 at 8 months 
of age following skin paintings with 0.2-percent methylcholanthrene in 
ethyl ether. There was great enlargement of the axillary, inguinal, and 
cervical lymph nodes and moderate enlargement of the spleen and liver. 
The internal lymph nodes and thymus were also enlarged, and the kidneys 
showed extensive infiltration with leukemic cells. The peripheral blood 
contained 50 percent immature cells of stem-cell type. This leukemia 
has been carried in dba mice by subcutaneous and intramuscular inocula- 
tions of 0.1 cc. leukemic cell brei in Locke’s solution. Approximately 
800,000 cells were inoculated in this manner. Aseptic techniques were 
employed in transplantation. The results reported here were obtained 
using transplant generations 26 to 36 inclusive. 

Following inoculations of leukemic cells there is a very rapid locai 
growth and infiltration of cells into liver, spleen, subcutaneous and internal 
lymph nodes. In 48 hours immature lymphoid cells are found in the 
peripheral blood (text-fig. 1). The mean survival time for inoculated 
mice in the last 10 transplant generations was 10.96+0.21 days. 

Strain dba mice of both sexes, 4 to 5 weeks of age, weighing 13 to 17 
gm. were used for most of the exp.rimental work. In a few experiments 
DBF, hybrids (2 dba X o& C,, black) 5 to 6 weeks of age, weighing 
15 to 22 gm. were used. Mice were maintained on an ad libitum diet 
of Derwood Farms’ cubes and kept constantly in an air-conditioned 
room at 78°-82° F. In several experiments referred to specifically in 
the text restriction of the diet was effected. 

Aminopterin was dissolved in distilled H,O to make a stock solution 
(1 mg. per 25 cc.) from which further dilutions were made. In prelimi- 
nary tests 0.10 ugm. 0.15 ugm, and 0.20 ugm. per gram body weight were in- 
jected intraperitoneally in the inguinal region in 0.005 ce. distilled H,O. 
The optimal therapeutic dosage for leukemia L 1210 in dba mice was 
found to be 0.15 ugm./gm. For the most part, injections were commenced 
24 to 48 hours after transplantation of leukemic cells and continued 
daily. The total dosage of aminopterin given was between 1.35 and 1.8 
ugm. per gram body weight for dba mice. The median lethal dose (LD5) 
for dba and DBF, mice 4 to 5 weeks of age was found to lie between 1.25 
and 1.50 ugm./gm. body weight. 


* Lederle Laboratories product 7-8751. All folic-acid derivatives used in this study were kindly supplied by 
the Lederle Laboratories, American Cyanamid Co. | 
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4 5 6 7 


TIME IN DAYS 
TEXT-FIGURE 1.—Hematologic findings at 2, 4, 7, and 10 days in dba mice inoculated 
with leukemia L 1210. Each point on curves represents the mean values for 5 
mice. 


Blood studies were done at 2, 4,7, and 10 days following inoculation 
of leukemic cells. Reticulocyte and platelet determinations were done 
usually at 10 days. Mice were weighed periodically. 

Routine histologic preparation of tissues included fixing in Tellyesnic- 
zky’s fluid and staining with hematoxylin and eosin. 


TaBLE 1.—Characteristic malignant lymphomas used and the effects of aminopterin on 
survival time 


Mean 
Line of lymphoma Description of lymphoma Dosage (ugm./gm.) | Mice — 

e 

Number| Days 
Lymphoma 11__.| X-ray-induced lymphosarcoma 22} 30.9 
(strain A mice). Controls_-_---- 23 32. 2 
Lymphoma 21___| X-ray-induced acute lymphoid leu- 15-0.20_- 28; 15.4 
kemia (strain A mice). Controls__---- 28 15. 5 
Carcinogen-induced acute lym- |{0.15-0.20 13 30. 5 
phoid leukemia (DBF, mice). Controls-_----- 16 33. 4 

Carcinogen-induced acute lym- Seo text 


phoid leukemia (strain dba mice). 


1 Obtained through the courtesy of Dr. Egon Lorenz, National Cancer Institute. 
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RESULTS 


Four criteria have been employed in studying the response of trans- 
planted leukemias to aminopterin: (1) Duration of life, (2) hematologic 
studies throughout the course of the disease, (3) growth of leukemic cells 
at the site of inoculation as determined by weights of the localized tumor 
and the infiltration of leukemic cells as measured by weights of infiltrated 
organs, and (4) histologic studies. 

No appreciable effect on survival time was found in lymphoma 1, a 
lymphosarcoma, lymphoma 2, an acute lymphoid leukemia or in L 1358, 
an acute lymphoid leukemia at the three dosage levels employed: 0.10, 
0.15, and 0.20 ugm./gm. body weight of aminopterin inoculated daily. 

There occurred a striking increase in survival time (33.5 percent) in 
dba mice inoculated with leukemia L 1210 at the dosage level: 0.15 ugm./ 
gm. body weight. Ninety percent of the control mice were dead before 
the first death occurred in the aminopterin treated series. The thera- 
peutic index apparently is of very low order since no effect on sur- 
vival time was noted at the dosage level 0.10 ugm./gm. body weight and 
nearly 50 percent of the mice at the higher dosage level, 0.20 ugm./gm. 
body weight, died before the control animals. Those surviving had a 
significantly longer mean survival time than controls, however. The 
therapeutic effect of the 0.15 ugm./gm. dosage level has been consistent in 
12 separate experiments consisting of 190 mice. Table 2 records the 
results of a representative sample. There was found no sex difference in 
response to the dosage levels employed so that sexes are combined. An 
increase in survival time of the same order of magnitude has been ob- 
served when administration of aminopterin at the same optimal level 
was commenced 96 hours after inoculation of leukemic cells. 


TABLE 2.—Effect on survival time of dba mice bearing acute lymphoid leukemia L 1210 
following daily intraperitoneal injections of aminopterin 


| Bags Num- Stand- 

Experimental series ora ard de- 

0) 12/13 14} 15) 16| 17 27 mice viation 

(0. 15 | | | | | | 


Difference of means=3.55+0.37 days P<0.01 


1 Sexes combined. No sex difference in response was noted at this dosage level. 
36 separate experiments. Includes 20 mice on calorie-restricted diet. 

When the genetic background of the host animal is changed, employing 
DBF, hybrid mice as host animals instead of strain dba, the optimal 
effective dosage level becomes 0.20 ugm./gm. body weight (table 3). The 
mean survival time of DBF, mice inoculated with leukemia L 1210 is 
13.5 days while leukemic mice given 0.20 ngm./gm. body weight of aminop- 
terin daily (total dose: 3.0 ugm./gm.) survive controls by nearly 35 percent 
(17.2 days). 
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HEMATOLOGIC FINDINGS 


Hematologic studies were done following inoculation of leukemic cells 
in control and aminopterin-treated leukemic mice (see text-figs. 1 and 2). 
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TIME IN DAYS 


TEXT-FIGURE 2.—Hematologic findings at 2, 4, 7, and 10 days in dba mice inoculated 
with leukemia L 1210 and given aminopterin 0.15 ugm./gm. daily, beginning 24 
hours after inoculation of leukemic cells. 


In the control series there resulted a progressive decline in hemoglobin 
levels to a mean value of 9.25 gm. percent at 10 days. There was a pro- 
gressive increase in immature forms to a mean value of 20 percent at 10 
days when the mean total leukocyte count was approximately 80,000 
cells. In the aminopterin-treated leukemic mice, it was found that: 
(1) Hemoglobin values remained at high levels throughout the 10 day 
period, (2) the total leukocyte count remained at normal levels through- 
out the observation period with a shift toward granulocytic element for- 
mation, and (3) no immature forms were found in the peripheral blood 
during this period. 

Platelet counts showed no significant change in the treated group. 

There developed a severe reticulocytopenia in leukemic mice at the 
optimal therapeutic dosage employed. At 10 days (total dosage of ami- 
nopterin 1.35 ngm./gm. body weight) the mean reticulocyte count of ami- 
nopterin-treated leukemic mice was 0.25 percent (8 mice), while leukemic 
mice, untreated, had a mean reticulocyte count of 3.97 (6 mice). Normal 
strain dba mice 5 to 6 weeks of age have a reticulocyte count of approxi- 
mately 1.5 percent. 

8444784914 
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TABLE 3.—Response of lymphoid leukemia L1210 to various dosage levels of aminopterin 


Percent change 
Number 
Experimental series Strain of mice dame mean age at 

2. Aminopterin (0.10 25 0 
3. Aminopterin (0.15 55 +33. 5 
4. Aminopterin (0.20 25 —40; +42 
2. Aminopterin (0.10 10 
3. Aminopterin (0.15 16 —0. 2 
4. Aminopterin (0.20 17 +345 


GROWTH AND INFILTRATION OF LEUKEMIC CELLS 


As noted before, leukemic cells of lymphoid leukemia L 1210 when 
inoculated subcutaneously grow in a localized area at the site of trans- 
plantation. There follows a rapid infiltration of cells into subcutaneous 
and internal lymph nodes and spleen and to a great extent into the liver, 
completely obliterating the normal architecture of the lymph nodes in 
most cases. We have used mean weights of the localized growth as an 
index of growth inhibition of leukemic cells and organ weights as an index 
of inhibition of the infiltrating capacity of the leukemic cells. For a 
comparison of control and aminopterin-treated animals, the mean weights 
are expressed as percentages of total body weights at 10 days. (See table 
4.) Statistically significant differences of the means were found for the 
tumor mass, spleen, and right axillary lymph nodes. No significant 
differences in the weights of livers and thymuses were found between the 
control and experimental groups. 

Sugiura and Benedict (15) have raised the question of whether the bene- 
ficial effects observed with some transplanted tumors following the admin- 
istration of chemicals was not a secondary phenomenon associated with 
the retardation of the growth of the animals. It was found by Flory 
et al. (16) that following the use of many different chemotherapeutic 
agents, in several lines of transplantable leukemias, an increase in survival 
time resulted only with specific agents despite decided weight losses 
occurring in most of the mice treated. There was found to be no parallel- 
ism between weight loss and prolongation of life. Very little effect on 
the growth curves throughout a 10 day period were observed in our mice 
given the optimal dosage of aminopterin daily. In order to control ade- 
quately any possible nonspecific effect due to a slight retardation in growth, 
20 dba mice of the control series were restricted to approximately 80 percent 
of the ad libitum diet so that the weight gains in control and aminopterin- 
treated mice were of the same order of magnitude (text-fig. 3). There 
was found no indication that the slight retardation of growth rate so 


produced had any effect on the survival time of dba mice inoculated with 
leukemia L 1210. 
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Coloric-restricted Controls 
Aminopterin Treated 


TIME IN DAYS 


TEXT-FIGURE 3.—Comparative percentage change in body weight in aminopterin- 
treated dba mice (Dosage: 0.15 pgm./gm. body weight) and control dba mice on 
restricted diet. Each point represents 10 mice, All inoculated with leukemia L 1210. 


PERCENTAGE GHANGE IN BODY WEIGHT 


HIisToLocy 


Despite the remarkable inhibition of the growth of the local tumor 
when aminopterin was given at this optimal level, no direct effect on the 
tumor cells was observed, and no histological differences in treated and 
untreated tumors were detected (pl. 43, fig. 1 (upper), A, B). Cells in 
mitosis were abundant in both preparations. In this particular respect, 
aminopterin differed from urethan (17, 18), colchicine (19), and nitrogen 
mustards (20) in which direct injury to the tumor is apparent. The 
spread of leukemic cells was notably inhibited in the treated mice. The 
peripheral blood smear in treated animals appeared normal, while the 
smear in untreated mice revealed many leukemic cells and neutrophils 
(pl. 43, fig. 2 (lower), A, B). No infiltration of leukemic cells appeared in 
the liver of treated animals, while there was widespread infiltration in the 
untreated (pl. 44, fig. 3 (upper), A, B). The lymph nodes of the treated 
animals were generally free of infiltration, while in the untreated mice 
there was often replacement of the normal cells by the leukemic growth 
and destruction of the usual lymph node architecture. 

At this optimal dosage, the other organs examined showed very few 
effects which could be attributed to any toxic action of aminopterin. 
The ovary which is especially vulnerable to the effects of vitamin deficiency 
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(21), inanition (22) urethan *‘ and X-ray exposure (23) showed normally 
developed follicles and corpora lutea. The testis, kidney, lung, adrenal 
gland, and thymus were also considered to be within normal limits. As 
might be anticipated from the reduction of reticulocytes in blood smears, 
there was a great reduction in erythropoietic tissue in the spleen and 
bone marrow when compared with the same organs in untreated leukemic 
animals. Some degree of hematopoiesis is present in the red pulp of 
the spleen of most normal mice. In mice treated with aminopterin there 
was little or no erythropoiesis, but this reaction was notably increased 
in the leukemic animals (pl. 44, fig. 4 (lower) A, B). In the bone marrow 
of treated animals a reduction in erythrocyte precursors was likewise 
observed. 


Tue EFrect oF AMINOPTERIN IN ADRENALECTOMIZED MICE 


The question of the specificity of action of many of the chemothera- 
peutic agents used in the experimental leukemias has not been investi- 
gated adequately. Where a toxicologic systemic effect is evidenced by 
anorexia, diarrhea, loss of weight, hyperplasia of adrenal glands, accom- 
panied by rapid decrease in size of the thymus and other lymphoid organs, 
and leukopenia, it is possible that the agent used is invoking the alarm 
reaction as described by Selye (24). Karnofsky et al. (20), have shown 
that only a minor and questionable role can be ascribed to the alarm 
reaction in the production of the characteristic patterns simulating this 
reaction in the normal rat following methyl-bis($-chloroethyl) amine 
HCl intoxication. Bass and Feigelson (25) report that the adrenal plays 
a minor role, if any, in regression of a lymphosarcoma resulting from 
urethan and nitrogen mustard therapy. Previously it was shown by these 
same authors (26) that stimuli of different types known to produce the 
alarm reaction caused regression of the same _ transplantable 
lymphosarcoma. 

Accordingly we have investigated the role of the adrenals in the pattern 
of effects produced by aminopterin on mice inoculated with leukemia 
L 1210, although very few symptoms of the alarm reaction were apparent 
at the optimal dosage used in this study. By reference to table 3, it can 
be seen that there was no significant difference in thymus weights in 
control and experimental animals. Paired adrenal weights for untreated 
dba leukemic mice was found to be 3.03 mgm. or 0.0216 percent total 
body weight as compared with 3.20 mgm. or 0.0213 percent total body 
weight of aminopterin treated dba leukemic mice after 10 daily injections. 

Sixteen DBF, hybrids, 5 to 6 weeks of age, were adrenalectomized under 
nembutal anaesthesia and were placed on 1 percent saline immediately fol- 
lowing the operation. Six days later inoculation of leukemic cells was 
accomplished followed in 48 hours by administration of aminopterin in 6 
mice. The adrenalectomized mice were especially sensitive to the optimal 
dosage for DBF, animals (0.20 ugm./gm. body weight). After 3 daily 
inoculations they had lost 7 percent body weight as compared with the 


‘ Unpublished observation. 
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adrenalectomized control leukemic mice. Thus only 6 injections were 
made in this series (Total dosage: 0.90 ngm./gm.) as compared with a total 
dosage of 2.4 ugm./gm. in intact DBF, mice. Nevertheless it can be 
seen from table 5 that specific effects of the folic acid antagonist are in 
evidence in the adrenalectomized series even with the reduced dosage 
necessary in such animals. 

Although the differentials in the criteria used were not as marked with 
the lower dosage of aminopterin in the adrenalectomized series, it is clear 
that the same pattern of response was obtained. There was a distinct 
inhibition of growth of leukemic cells at the site of,inoculation and a 
definite inhibition of infiltration particularly into the spleen. Although 
the total leukocyte counts were nearly the same, relatively fewer immature 
forms were found in the peripheral blood, and the same effects were 
reflected in hemoglobin values and reticulocyte counts obtained in adren- 
alectomized mice. Adrenalectomized DBF, animals inoculated with 
leukemia L 1210 had a reticulocyte count of 5.25 percent (3 mice) whereas 
adrenalectomized leukemic DBF, mice given aminopterin had a reticulo- 
cyte count of 0.4 percent. 


TaBLE 5.—Effects of aminopterin on adrenalectomized DBF, mice inoculated with 
lymphoid leukemia L 1210 


Adrenalectomized; in- 
Adrenalectomized jected 0.15 ygm./gm. 
leukemic controls aminopterin.! Total 
dose 0.904gm./gm. 
Percentage change in body +9. 3 +1.8 
Hematologic findings 
Mean hemaglobin gm. percent___-.--------- 12.5 14.2 
Mean total WBC 30, 700 30, 300 
Mean percent agranulocytes-_--__----------- 55. 0 79.3 
Mean percent granulocytes_--__.-.--------- 31.5 19. 4 
Mean percent lymphoblasts-_-_--.-.-------- 14.5 1.3 
Mean tumor mass and organ weights 
448.93 (2.3%)¢ 20.4 (0. 12%) 
259.9 (1.4%) | 135.6 (0.83%) 
944.2 (5.0%) 688. 8 (4.2%) 
Right axillary lymph nodes-_-_-------------- 52.6 (0. 28%) 35. 3 (0. 21%) 


! See text. 
2? Allanimals killedat 12days. Aminopterin discontinued in experimental'group,72, hours prior to autopsy. 
3 Mean organ weights in 


mgms. 
* Mean percent total body weights. 
Errect oF OTHER Fo.ric-Acip DERIVATIVES 


Table 6 shows the effects of teropterin § and folic acid (synthetic pteroyl- 
glutamic acid) and apparent reversal of the aminopterin inhibition of 


Fa cee acid (teropterin), Lederle Laboratories product No. 7-7225 and folic acid (folvite) were 
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leukemic growth in dba mice inoculated with leukemia L 1210. No 
effect was noted on survival time, the hematologic picture or histologic 
appearance of leukemic cells in leukemic mice treated daily with teropterin 
or folic acid. Farber (27) had reported previously exacerbation of the 
acute leukemias of children following teropterin therapy. Both teropterin 
and folic acid when given in excess (4.2 ugm./gm. body weight of teropterin 
or above this dosage and 4.5 ygm./gm. of folic acid or above) have pre- 
vented the inhibition of aminopterin at the optimal therapeutic level of 
0.15 pgm./gm. body weight. Survival times are reported here, but this 
reversal is also reflected in (1) the hematologic picture, and (2) localized 
growth of leukemic cells. The latter data will be presented elsewhere. 


TaBLE 6.—Effect of injection of folic acid derivatives oak survival time of dba mice inoculated 
with leukemia L 1210 


Experiment No. Folic-acid derivative Dose 
I ugm.jgm. | Number Days 
II 
Aminopterin} 
Teropterin 16. 6 
III 
6 11.6 
Teropterin J 45 
Aminopterin 
Folie acid 45 
Aminopterin 15 
7 12. 5 
Folie acid 4.5 
IV 
Aminopterin 
11 16. 0 
Folic acid 90 
Aminopterin 
| | ll 15. 2 
Teropterin 16. 6 


1 Transplant generations 30, 33, and 34 were used for experiments I, II, and III. Transplant generation 37 was 
used for experiment IV. 

be acid) was dissolved in 0.01N sodium hydroxide. All other derivatives 
dissolv: 

’ Teropterin and folic "acid injections done subcutaneous! ly 4 to 6 hours before aminopterin in experiments II and 
li. a - experiment IV animals were given teropterin and folic acid twice 24 hours before aminopterin adminis- 
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DISCUSSION 


Definite inhibition in the growth of leukemic cells in one of four trans- 
plantable lymphoid leukemias has resulted when aminopterin was admin- 
istered at nontoxic levels. It should be emphasized that no histologic 
changes were observed in the leukemic cells of aminopterin-treated mice 
at the optimal therapeutic level employed nor were any toxic signs in 
evidence in the normal tissues studied. This is in marked contrast to the 
results obtained from therapy with X-rays, urethan, colchicine, and the 
nitrogen mustards and indicates that this inhibition does not result from 
vascular or nonspecific tissue damage. 

Many clinicians have objected to the use of aminopterin in the treat- 
ment of acute leukemias because of the development of severe toxic 
symptoms such as ulcerations of the buccal and pharyngeal mucosa, 
hematemesis, and rectal bleeding, and irreversible hypoplasia of the bone 
marrow. It would appear from the results obtained in experimental 
leukemias in mice that some leukemias in the human being may respond to 
aminopterin therapy and that inhibition of the neoplastic process, allevia- 
tion of symptoms and prolongation of life can be hoped for at nontoxic 
levels of aminopterin therapy. 

It is clear from the results that aminopterin is not causing vascular or 
nonspecific tissue damage and that it is not acting through an adrenal 
mechanism. The pattern of systemic changes which characterizes the 
alarm reaction was not in evidence, and it was found that the response of 
adrenalectomized mice inoculated with leukemic cells and administered 
aminopterin, even at a reduced dosage, was essentially that of intact 
leukemic mice. Presumably there is a direct action of the aminopterin on 
the leukemic cells since various dosages of teropterin and folic acid 
apparently neutralize the effects of aminopterin when given concomitantly. 


SUMMARY 


Definite and regular inhibition of growth of a transplantable acute 
lymphoid leukemia L 1210 in dba mice has resulted from administration 
of optimal doses of aminopterin (4-aminopteroylglutamic acid), a folic acid 
antagonist. Two other acute lymphoid leukemias and a lymphosarcoma 
did not respond favorably to aminopterin. The following results have been 
obtained with leukemia L 1210: 

(1) A regular and statistically significant increase in survival time; (2) 
An unchanged hemoglobin level throughout the period of observation; 
(3) An unchanged total leukocyte count above the leukopenic level; (4) 
No immature blast cells in the peripheral blood throughout a 10 day period 
during administration of aminopterin; (5) A pronounced inhibition of 
growth of leukemic cells at the transplantation site and a definite inhibition 
of infiltration of leukemic cells into the spleen, liver, and axillary lymph 
nodes. (6) No apparent effect on platelet levels. 

The optimal therapeutic dosage of aminopterin, 0.15 ygm./gm. body 
weight for leukemia L 1210 in strain dba mice, is increased to 0.20 
ugm./gm. body weight in DBF, hybrid mice. 


ge 


EFFECT OF FOLIC-ACID ANTAGONIST ON LYMPHOID LEUKEMIAS 191 


No histologic evidence of damage was observed in the leukemic cells 
following administration of aminopterin at the optimal therapeutic dosage 
and no pathologic changes ascribed to a toxic effect of aminopterin were 
observed in any of the organs studied namely ovary, testis, kidney, 
thymus, adrenal glands, and lungs. There was no evidence of the toxic 
symptoms reported following aminopterin therapy in children. 

The pattern of systemic changes which characterizes the alarm reac- 
tion was not observed. 

Aminopterin was effective in adrenalectomized mice. 

Apparent reversal of aminopterin inhibition, as measured by survival 
time was accomplished by teropterin and folic acid administered con- 
comitantly. Neither teropterin nor folic acid affected the course of 
leukemia in dba mice inolculated with leukemia L 1210. 

The characteristic myeloid metaplasia which occurs in the red pulp 
of the spleen in dba mice bearing leukemia L 1210 was very much re- 
duced in aminopterin treated mice. This was also evident in the bone 
marrow of aminopterin treated mice. 

A severe reticulocytopenia occurred in leukemic mice which were given 
the optimal therapeutic dosage of aminopterin. 
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PLaTE 43 


FicureE 1 (upper).—Tumor from animal treated with aminopterin. A, Compared with 
tumor from untreated animal. B, No histologic differences are observed, and 
mitotic figures are present in both. Hematoxylin and eosin stain. X 800. 


Ficure 2 (lower).—Blood smear from animal treated with aminopterin. A, Compared 
with blood smear from untreated leukemic animal. B, Observe numerous leukemic 
cells and neutrophils in blood of untreated animal. Wright’s stain. X 240. 
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FiGuRE 3 (upper).—Liver section from animal treated with aminopterin. A, Compared 
with liver from untreated leukemic animal. B, Observe absence of infiltration in 
A and widespread infiltration in B. Hematoxylin and eosin stain. > 580. 


FicuRe 4 (lower).—Spleen section from animal treated with aminopterin. A,Compared 
with spleen from untreated leukemic animal. B, No erythropoiesis is observed in 
the red pulp of A, while active erythropoiesis, indicated by nests of nucleated red 
cells, is present in B. Giemsa stain. > 200. All sections at 10 days. 
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THE INCIDENCE OF MAMMARY TUMORS 
IN MICE OF STRAIN C3H AND IN DE- 
SCENDANTS OF FOSTERED STRAIN C! 


By Howarp B. ANpDERVONT, National Cancer Institute, 
National Institutes of Health, Public Health Service, 
Bethesda, Md. 


The purposes of this paper are (1) to report further on the occurrence 
of mammary tumors in a colony of strain C3H mice as well as in the 
descendants of strain C females that were suckled by strain C3H females 
and (2) to supply pertinent information for an accompanying paper 
dealing with studies on the possible disappearance or inactivation of the 
mammary-tumor agent in mice of strains C3H and C. 


STRAIN C3H 


The development of the subline of strain C3H mice maintained in this 
laboratory and their incidence of spontaneous mammary tumors in the 
first 27 generations of inbreeding was recorded in previous publications 
(1, 2). The strain was originated in 1920 by Strong (3) from whom 
representatives of the eighteenth generation of inbreeding were procured 
in 1930. Descendants of these mice came under their present supervision 
during 1933, and a detailed account of the maintenance of the colony up 
to 1941 is found in the earlier papers. 

Few changes have been made in the breeding procedure or handling of 
the colony since 1941. A diet of Purina dog-chow pellets was changed 
to one of Purina laboratory-chow pellets during 1945.7, A supplementary 
diet of bread soaked in milk to pregnant and nursing mice was discontinued 
during January 1946. One male from each litter is no longer kept with 
female litter mates from the time of weaning; the litters are weaned at 
1 month of age and the sexes separated. Breeding pens are usually set 
up when the mice are 2 to 3 months old but, because of the prevalence of 
a diarrheal disease (4, 5, 6, 7) that kills many 10- to 14-day-old animals 
during the winter months, breeding is stopped about the middle of 
November and resumed about the first of March. 

1 Received for publication June 16, 1949. 

3 According to the manufacturer, the chemical analysis of the food is: Protein, 26.86 percent; fat, 6.28 percent; 
fiber, 4.44 percent; ash, 7.33 percent; N. F. E., 47.03 percent; moisture, 8.06 percent. The mineral analysis is: 
calcium, 1.38 percent; phosphorus, 0.96 percent; magnesium, 0.169 percent; iron, p. p. m., 326.0; manganese, p. p. M., 
91.0; copper, p. p. m., 21.5; cobalt, p. p. m., 0.12; potassium, 0.93 percent; iodine, p. p. m., 1.0; and soluble chlorides, 
0.97 percent. The manufacturer also states that the food contains carotene, p. p. m., 6.00; thiamin, p. p. m., 14.7; 


riboflavin, p. p. m., 10.8; niacin, p. p. m., 136.0; vitamin D—U. S. P. Units/gm., 5; vitamin A—I. U. Units/gm., 13; 
and pantothenic acid, p. p. m. (microbiological) 15.0. 
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Table 1 presents the mammary-tumor incidence in the last 19 com- 
pleted generations of breeding females. The tumor incidence of 91 
percent in 1,553 mice is the same as that recorded previously (2) for 1,588 
animals of the first 27 generations. However, the average age of 8.1 
months at which tumors arose is 0.4 month lower than that shown by 
the earlier generations. This may have been the result of more intensive 
breeding of the mice since they were moved to the National Cancer 
Institute. 

As stated previously, the strain C3H colony data will be used in an 
accompanying paper and, for this purpose, the most important informa- 
tion is the small number of old breeding females dying without developing 
tumors. Of 3,141 mice listed here and in the previous report, 1 died 
tumor free at 18 months of age, 1 at 19 months, 2 at 20 months, 2 at 21 
months, 1 at 22 months, and 1 at 23 months. Three of these mice had 
offspring which developed tumors when 7 or 9 months of age. This 
indicates that these mice transmitted the agent although they did not 
develop a tumor. 

Virgin C3H females were kept from males from the time of weaning and 
had no opportunity to breed. The incidence of mammary tumors among 
these animals is shown in table 2. Their incidence of 93 percent is 
comparable to an incidence of 97 percent in 350 virgin mice of the earlier 
paper (2), but the average age of 11.3 months when tumors occurred is 
approximately 1 month later than in the previous series. 

Subsequent to previous reports on the occurrence of mammary tumors 
in strain C3H mice, it was found that the tumors appeared earlier in 
segregated mice than in those kept 8 to a cage (8). Hence it is essential 
to record that when placed under observation for the appearance of tumors, 
all the animals of this and the previous reports were kept 8 to a cage. 
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STRAIN C 


Details of the establishment of a high-mammary-tumor line of mice 
from the low-mammary-tumor strain C (9) were recorded in an earlier 
publication (10). Twenty strain C females were suckled by high-mam- 
mary-tumor strain C3H mice and were the only strain C mice to obtain 
C3H milk. These fostered strain C animals transmitted the mammary- 
tumor agent to their offspring, and the transmission continued for 11 gen- 
erations of inbreeding. Each generation showed a high incidence of 
mammary tumors in breeding females; those mice bearing 2 litters had a 
higher incidence and developed tumors at an earlier average age than did 
those bearing 1 litter. Thus, a single exposure of strain C to the C3H 
agent transformed strain C into a high-mammary-tumor strain. 

The results in the first 10 generations of this colony were presented in 
the earlier paper (10), and table 3 summarizes the outcome in the last 13 
completed generations. Although the number of mice in some generations 
is not large, because of space limitations for maintenance of animals, 
it is clear that the agent was transmitted through 23 generations of strain 
C mice and that mice bearing 2 litters continued to develop tumors at 
an earlier average age than those producing but 1 litter. 

With the exception of the change in diet from dog chow to laboratory 
chow during 1945, the breeding and handling routine of the colony was 
the same as described before (10). Females bearing 2 litters nursed the 
first, but the second was removed within 24 hours after birth. Offspring 
from but 1 female of each litter were bred to procure the next generation, 
and no selection was made in respect to the occurrence of tumors. At 
present 1 line (line D (10)) is being propagated which has an ancestry of 
25 successive generations of tumor-bearing mice. 

Because the colony of high-mammary-tumor strain C mice resulted 
from the introduction of the strain C3H agent and because their tumor 
history suggested they were more resistant to the agent than the C3H 
mice, they were observed closely for any evidence of the disappearance 
or inactivation of the agent. Some C mice have transmitted the agent 
and not developed a mammary tumor, and the previous paper (10) con- 
tained a description of 2 lines in which a tumor did not rise for 2 genera- 
tions. However, the only line that has been propagated sufficiently to 
throw some light on this question is presented in Chart 1. The mice of 
the F,, generation each bore 3 litters; all others bore 2 litters apiece. The 
agent was transmitted through 3 mice which lived to be 17, 21, and 24 
months old and died free of tumor, but tumors arose in some fourth and 
fifth generation animals. Thus, the agent passed through 3 generations 
of strain C mice without producing tumors. This line will be maintained 
for further observation. 

Further evidence of the ability of strain C mice to transmit the agent 
without developing tumors is presented in the following paper (11). 
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SUMMARY 


The incidence of mammary-gland tumors in the F;; to Fy generations 
of inbreeding in a colony of strain C3H mice maintained at the National 
Cancer Institute is reported. 

Of 1,553 breeding females, 91.6 percent developed mammary tumors 
at an average age of 8.1 months. Of 346 virgin females, 92.9 percent 
developed maramary tumors at an average age of 11.3 months. 

A previous report on the first 27 generations of inbreeding included 
1,588 breeding females, of which 91.37 percent developed tumors at an 
average age of 8.58 months, and 350 virgin females, of which 97.43 percent 
developed tumors at an average age of 10.43 months. 

The mammary-tumor incidence in the Fi, to F; generations of inbreed- 
ing in a colony of strain C mice after their F generation ancesters were 
suckled by high-mammary-tumor strain C3H females is also presented. 
Data on the first 10 generations of inbreeding were given in an earlier 
report. 

Each generation of breeding females continued to show a high incidence 
of mammary tumors. Thus, a single exposure of strain C mice to the 
C3H mammary-tumor agent transformed strain C into a high-mammary- 
tumor strain for at least 23 generations. The colony is now in the Fy, 
generation of inbreeding and continues to show a high tumor incidence. 

The agent was transmitted through three successive generations of strain 
C mice that lived to be 17, 21, and 24 months of age without developing 
tumor, but tumors arose in mice of the fourth and fifth generations. 
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STUDIES ON THE DISAPPEARANCE OF 
THE MAMMARY-TUMOR AGENT IN MICE 
OF STRAINS C3H AND C! 


By Howarp B. AnpERvonT, National Cancer Institute, 
National Institutes of Health, Public Health Service, 
Bethesda, Md. 


The presence of the mammary-tumor agent in inbred strains of mice 
together with its transmission from generation to generation by way of 
mother’s milk offer unique opportunities in the study of its biological 
characteristics. These opportunities were utilized in the present experi- 
ments which were designed to investigate the propagation of the agent 
and the possibility of its disappearance * from mice of strains C3H and C. 

Interest in the propagation of the agent was aroused in 1940 during 
experiments in which high-mammary-tumor strain C3H mice were suckled 
by low-mammary-tumor strain C57 black foster mothers. Two C3H 
litter mates remained with their mother for 3 hours after birth and were 
then transferred to a C57 black foster mother. Both were bred to a 
nonfostered litter mate when 2 months old and died at the age of 18 
months without developing a mammary tumor. One raised 2 litters 
containing 4 females of which each bore 1 litter and all developed mam- 
mary tumors at the age of 7 and 8 months. The other cast 3 litters of 
which only the second was weaned. This litter contained 7 females, each 
of which bore 1 litter; 3 developed tumors at the age of 9, 10, and 15 
months, and 4 died tumor free; 2 when 23 months, and 2 when 27 months 
old. 

These results indicated that the fostered C3H females obtained the 
agent from their mother, and, although they did not acquire tumors, 
they transmitted it to their offspring. However, the interesting animals 
were the 4 litter mates that lived to be 23 and 27 months old without 
developing tumors. The data of strain C3H up to 1940 (1) revealed that 
of 1,588 breeding females none lived to be 23 months of age without 
developing a mammary tumor, and of 1,553 mice observed since 1940, 
only}1 died tumor free when 23 months old (2). Hence, the results in 
this litter suggested that the mother may have transmitted such a small 
amount of the agent in her milk that 4 of her more resistant offspring were 
not infected. 


1 Received for publication June 16, 1949. 
1 Throughout this paper reference to the disappearance of the agent does not exclude the possibility of its inac- 
tivation or modification as well as its transmission in subinfective amounts. 
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Consequently, a series of investigations was conducted to ascertain 
whether mammary tumors arose in descendants of strain C3H females 
that remained with their mothers for more than 3 hours and less than 
64 hours before they were suckled by strain C57 black females (3). 

All mice in these experiments were derived from strains maintained in 
this laboratory. They received a diet of Purina-dog-chow pellets and an 
unlimited supply of tap water. 

Pregnant C3H mice were examined daily at 9 a. m. and 5 p. m. for the 
birth of litters, and three series of fostered mice were obtained according 
to the time they spent with their C3H mothers after birth. First series 
animals were given to foster mothers at 9 a. m. on the day they were born; 
these remained with their mothers from 1 to a possible 16 hours. Second 
series animals were placed with foster mothers 24 hours after their birth 
was recorded; these remained with their mothers from 24 to a possible 40 
hours. Third series mice were given to foster mothers 48 hours after 
their birth was recorded; these remained with their mothers from 48 to 
a possible 64 hours. 

The fostered mice were designated F generation and when 2 to 3 months 
old were bred to nonfostered brothers. Each raised 2 or 3 litters and, 
when possible, the females of each litter were divided into 2 groups. 
The first group, designated fostered mice, remained with their mothers 
for the same period of time she had spent with her mother before being 
transferred to a C57 black foster mother. The second group, designated 
control mice, was suckled by their mother during the entire nursing period. 
Mice of this group were procured on the assumption that they would 
develop tumors if their mother’s milk contained too little of the agent to 
produce tumors in their fostered litter mates. It was also hoped that 
they would serve as test animals for the detection of dilution of the agent 
if such dilution occurred during successive generations. 

This procedure was followed for several generations of descendants 
from each F generation mouse; the successive generations were designated 
as F,, F,, F;, etc., mice. Virtually all F, and subsequent generation mice 
gave birth to one litter, but only the fostered mice raised offspring for the 
next generation; those born to the control animals were removed within 
24 hours after birth. 

It was found that mammary tumors ceased to appear in the majority 
of experiments when the nursing period was limited to a possible 40 hours 
or less and even in a few experiments when the nursing period was from 
48 to a possible 64 hours. 

Nonappearance of tumors occurred most frequently in experiments of 
the first series in which the mice remained with their C3H mothers from 1 
to 16 hours. This series is not presented, because the animals may have 
been with their mothers for only 1 hour after birth and may, therefore, 
have obtained a very small amount (subinfective dose) of the agent. 

Details of findings in the third series (48 to a possible 64 hours) are also 
omitted, because of 13 experiments in the series none was carried beyond 
the F; and F; generations, and tumors ceased to occur in only 2 experiments. 
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There were 5 experiments in the second series (24 to a possible 40 
hours), and all showed evidence of the disappearance of the agent. The 
results of only 2 are presented here because they contained the largest 
number of animals and were typical of all others. 

The two female ancestors of the experimental animals were members 
of the F;; generation in the C3H colony and both developed tumors at 
the age of 7 and 13 months. One produced five and the other four off- 
spring for the F;, generation; all developed mammary tumors when 6 to 
8 months old. This information is presented to show that, so far as tumor 
histories were concerned, the C3H ancestors of the two experiments were 
typical strain C3H mice. 

The two F-generation fostered mice from which the subsequent experi- 
mental generations were derived developed mammary tumors when 9 
and 11 months of age. Thus, during the 24 to 40 hour period they re- 
mained with their C3H mothers they obtained sufficient agent to produce 
tumors. The experimental procedure described previously was carried 
out for six generations. The results are summarized in table 1. The 
incidence of mammary tumors dropped from 85 percent in the fostered 
and 75 percent in the control mice of the F,; generation to 16 percent and 
17 percent, respectively, in the F; generation. This suggested a gradual 
diminution in the amount or activity of the agent. 


TABLE 1.—Results in siz generations of fostered strain C3H breeding females that had 
remained with their C3H mothers for 24 to 40 hours after birth 


Mice de- Tumor Average py 
Generation Grou M velopin tumors |92¢ of death 

Number Number Percent Months Months 
7 6 85 11 25 
8 6 75 10 24 
4 2 50 14 25 
10 4 40 10 18 
Control......-. 4 1 25 14 21 
Fostered_- .__- 22 3 14 13 22 
14 4 28 9 20 
19 3 16 9 23 
12 2 17 14 21 


Chart 1 presents one of the experiments in detail. The fostered F 
generation mouse, No. 5, developed a tumor and transmitted the agent 
to all three of her litters because tumors arose in all except two of her 
offspring. These mice, Nos. 31 and 32, that remained with their mother 
throughout the nursing period, will be mentioned later. 

Only two mice of the F; generation, Nos. 9 and 10, raised their litters. 
Neither of the fostered offspring of No. 9 (Nos. 41 and 42) developed a 
tumor, and tumers did not occur in any of their descendants. The 
fostered offspring (No. 38) of No 10 developed a tumor and of her two 
fostered F;-generation offspring, one, No. 58, died without tumor and 
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the other, No. 59, developed a tumor when 8 months old: both trans- 
mitted the agent because the control descendants of No. 58 (Nos. 103 
and 104) developed tumors, and the fostered daughter (No. 82) of No. 59 
also developed atumor. The F; generation mouse No. 115 that developed 
a tumor was born to No. 82. 

The results indicated that the agent was lost in one line of experimental 
animals during the F, generation (Mice Nos. 41 and 42) whereas in another 
line it was transmitted through five generations. Furthermore, when an 
old mouse died free of tumor, none of her descendants developed a tumor. 
This finding was confirmed in every experiment of all series in which the 
agent disappeared. Apparently the disappearance of the agent occurred 
suddenly. The implications of these observations are discussed later. 


STRAIN C 


The introduction of strain C3H mammary-tumor agent into one 
generation of mice of strain C transformed strain C into a high-mammary- 
tumor strain (2,4). Analysis of colony data indicate that strain C mice 
are more resistant to the agent than are strain C3H because the nonbreed- 
ing C mice exhibit a mammary-tumor incidence of 50 percent at an 
average age of 16 months (4) whereas nonbreeding C3H mice show an 
incidence of 92 percent at an average age of 11 months (2). This difference 
in susceptibility suggested the use of strain C mice in a different approach 
to the problem of the propagation of the agent. Instead of foster nursing 
each generation, as in the experiments with strain C3H, it was decided 
to foster nurse but one generation and ascertain whether the agent 
disappeared or persisted in subsequent generations. 

Eleven offspring, representing nine litters, born to high-mammary- 
tumor colony C females of the Fj, generation were kept with their strain C 
mothers for 24 to a possible 40 hours after birth and were then foster 
nursed by 7 strain C3H females from a colony free of the mammary 
tumor agent (3), and by three low-mammary-tumor strain I mice (8). 
The low tumor C3H foster mothers died without tumors at an average 
age of 23 months and the strain I foster mothers at an average age of 15 
months. 

When the 11 fostered C mice were weaned, they were designated F 
generation fostered mice and, when 2 months old, were mated to non- 
fostered male litter mates. Each female bore 2 litters but nursed only 
the first to procure mice for the next generation; the second litter was 
removed soon after birth. Every female raised her first litter, and 34 
F, generation female offspring were procured. These 34 animals were 
bred to brothers when 2 to 4 months of age; each was permitted to bear 
2 litters of which only the first was raised. This routine was followed 
for at least 4 generations. 

There were 80 females in the F; generation belonging to 32 litters, and, 
because of space limitations, the offspring of 1 or 2 females from each of 
the 9 lines were kept for the F; generation. Thus, 69 mice of the F; 
generation were obtained. The F, generation animals were procured 


iby 
a 
a 
| 
re 


206 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


in the same manner. The only lines carried beyond the F, generation 
were those showing some indication of disappearance of the agent. 

To obtain controls, litter mates of the 11 F-fostered generation mice 
remained with their high-mammary-tumor strain C mothers throughout 
the entire nursing period. Ten mice were obtained, and these were 
designated as F generation controls. They were mated to the same 
brothers as were the F-fostered mice, and subsequent generations were 
obtained by brother-to-sister matings. Ten mice were procured for 
the F, and F; control generations and 25 and 28 obtained for the F; and F, 
generations, respectively. These controls were procured on the assump- 
tion that should the agent have disappeared in any of the 9 lines of progeny 
of the fostered mice, they would reveal evidence of its transmission or 
loss in a nonfostered control line. 

The results of the experiment are summarized in table 2 in which the 
4 generations of descendants from the fostered F generation mice are 
designated as the fostered line, and descendants from F generation controls 
are designated as the control line. All of the fostered F generation 
mice developed mammary tumors showing that they obtained the agent 
from their mothers. A tumor incidence of 86 percent in the F, fostered 
mice indicated that, under the experimental conditions, the agent did 
not disappear in descendants of the fostered mice. The lower incidences 
in the control mice of most generations were probably due to chance 
variation associated with smaller numbers. Since the 11 fostered mice 
were members of the Fi, generation of the strain C colony, the Fj; to Fy, 
generations inclusive in table 3 of the accompanying paper (2) may be 
referred to as additional controls for this experiment. 


TABLE 2.—Occurrence of mammary tumors in 4 generations of descendants of strain C 
breeding females thai remained with their C mothers for 24 to 40 hours before they were 
foster nursed (fostered line) and in 4 generations of controls derived from their nonfostered 
litter mates (control line) 


Mic tuner | 

Generation Group |} incidence | ‘tumors. | without 

occurred tumor 

Number Number Percent Months Months 
Fostered 11 11 100 
Control 10 9 90 9. 6 10 
| ESE Fostered 34 29 85 11.0 16 
aS Control line_____-_-- 10 9 90 11.5 30 
SE Fostered line__----_-- 80 73 91 9.4 25 
Control 10 6 60 13. 7 15 
ae Fostered line__------ 69 57 83 12.0 23 
Control 25 18 72 11.8 23 
ERS: Fostered line___.___- 70 60 86 10. 5 19 
Control 28 19 68 12.3 22 


Progeny of the fostered mice were watched carefully and, as stated 
previously, those suggesting disappearance of the agent were carried 
beyond the F, generation of inbreeding. Only a few such lines were 
maintained, one of which is shown in Chart 2. The fostered F mouse 
developed a tumor at 9 months of age, and four of her descendants in 
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four successive generations died tumor free when 18, 25, 26, or 27 months 
old. However, a tumor arose in an F; generation animal (No. 269) and 
in her progeny of the F, and F;, generations. All four of the mice 
dying without tumor acquired the agent, since at least one litter mate 
of each mouse developed a tumor. It was concluded that the four 
successive generations of tumor-free mice were due to a fortuitous selection 
of certain mice in each generation to propagate the line. 

The chart reveals that the agent was transmitted through four genera- 
tions of breeding strain C mice without producing tumors. This is of 
interest in view of a similar occurrence in a colony of high-mammary- 
tumor strain C mice when the agent was transmitted through three genera- 
tions of tumor-free mice (2). 

It is conceivable that a strain possessing a relatively weak agent could 
transmit it through a larger number of successive generations without the 
appearance of mammary tumors. It is also conceivable that a strain 
could harbor a relatively strong agent and not develop tumors if the strain 
was either genetically resistant to the agent or required a relatively high 
degree of hormonal stimulation before the mice developed mammary 
tumors. 

DISCUSSION 


The primary objective of the experiments with strain C3H was attained 
when, following foster nursing for successive generations, mammary 
tumors failed to occur in these highly susceptible mice. 

There is no reason to assume that the mice remained free of tumors 
because they did not ingest strain C3H milk. The number and sex of 
mice in each litter was determined when their birth was recorded and 
their mother examined for unborn young, thereby obviating the possi- 
bility of foster nursing any animal born less than 24 hours previously. 
Ingested milk was discernible in the stomachs of all fostered mice, and 
only healthy, vigorous young were transferred to foster mothers; mice 
that did not obtain milk during the first day of life were in poor physical 
condition. Undoubtedly all fostered mice had an opportunity to acquire 
the agent in their C3H mother’s milk. 

Various postulates could be advanced to explain why the mice of later 
fostered generations did not develop tumors after obtaining C3H milk. 
The most obvious are: (1) The agent was not in the milk of fostered C3H 
females during the first day of lactation; (2) the amount of agent was not 
constant throughout the period of lactation or, if constant, was present 
in low concentration; (3) the mice varied in their degree of susceptibility 
to the agent. 

The first postulate was suggested by experience in this laboratory 
which showed that the occurrence of mammary tumors in fostered strain 
C3H mice depends to a considerable extent upon the time the newborn 
mice remained with their mothers, and an incidence of 100 percent was 
uncommon in those left with their mothers for a maximum of only 24 
hours. In one of the earliest experiments (5) 19 mice were with their 
mothers for a maximum of 24 hours, and 12 developed mammary tumors 
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at an average age of 13 months. Such results suggested that the agent 
was not present in the milk of all mothers during the first day of nursing. 
However, in the present series of experiments, the F generation C3H 
mice were kept with their mothers for a minimum of 24 and a maximum 
of 40 hours, and every mouse developed a tumor. Apparently all the 
animals of the earlier experiment did not spend the entire first 24 hours 
of life with their C3H mothers. 

Absence of the agent in the early milk of F; generation No. 9 mouse of 
chart 2 could account for the nonappearance of tumors in her F; fostered 
offspring Nos. 41 and 42, but the 2 control mice of the litter developed 
tumors at an average age of 16.5 months, which was higher than the 
average age of 8.1 months when tumors arose in the C3H colony (2). 
This suggested that instead of the agent being absent from the milk of 
mouse No. 9 during the first day of lactation, it was present in small 
concentration throughout the entire nursing period. This in turn leads 
to the postulation that the milk of the fostered mice of later generations 
contained a small amount of the agent or the amount of agent in the milk 
was not constant. 

Transmission of a virus disease through susceptible animals is possible, 
because the virus increases in concentration in each host, and, since the 
present experiments were designed to ascertain whether the mouse mam- 
mary-tumor agent resembles viruses in this respect, it was thought that 
a considerable number of generations of fostered mice would be essential 
to reveal any disappearance or modification of the agent in successive 
generations. Hence, the reason for permitting some C3H mice of each 
litter to remain with their mother throughout the nursing period (control 
mice) was to detect whether the agent decreased in amount in successive 
generations. It was planned to discontinue the experiments should the 
control mice fail to reveal any dilution influence after four or five genera- 
tions. Disappearance of the agent from the F; generation fostered animals 
was unexpected. 

Dilution of the agent was indicated by the diminishing incidence of 
tumors in successive generations of the control mice; the F, generation 
showed an incidence of 75 percent at an average of 10 months and the F; 
generation an incidence of 17 percent at an average age of 14 months. 
Further evidence of dilution was presented by the family depicted in 
chart 1, especially by the control litter mates and offspring of mouse No. 9. 
Her litter mates developed tumors when 9 and 11 months old and her 
offspring did so when 13 and 20 months of age.* Results of other experi- 
ments which are not presented here also showed that dilution of the agent 
usually preceded its disappearance. 

Such findings show that if the fostered mice acquired the agent early 
in life, it did not increase sufficiently during the following 8 to 12 weeks to 
maintain itself indefinitely in a susceptible strain. They also suggest 
that the agent was incapable of propagation, but it is believed that this 


* Other members of this family, namely the third litter born to mouse No. 5, and the litter born to mouse No. 58, 
did not produce similar evidence. These will be mentioned later when the resistance of the animals is discussed. 
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conclusion is not justified. Obviously the milk of fostered mice carried 
a small amount of the agent when they nursed their first litter, but there is 
no proof that its concentration was low in later life. The design of these 
experiments did not produce a test for the agent when the mice were over 
3 or 4 months of age, and the amount of agent in their milk may have 
varied or remained constant as they became older. 

Bittner (6) suggested that the agent may be more concentrated in older 
mice, which could imply a slow rate of propagation. Although analysis 
of the tumor data from the C3H colony maintained in this laboratory did 
not produce any evidence of an increased concentration of the agent in 
older mice,* it is possible that it may have increased slowly in the 
fostered mice during the first few months of life. Hormonal stimulation, 
cell division, or other influences may be essential for the propagation of 
the agent and if a small amount is ingested, its rate of propagation may 
be very slow. 

The work of Hummel and Little (7) and Hummel, Little, and Eddy (8) 
may also be of some importance in this respect because it suggests that 
the amount of agent is not constant in infected mice. They found that 
the agent was not present or was inactivated in blood during late preg- 
nancy, and this modification may have been caused by a neutralizing 
effect within the placenta. Finally, Murray and Warner (9) noted the 
disappearance of the agent from a female of the Marsh albino strain, and 
in 15 generations of descendants of this mouse totalling 351 breeding fe- 
males, none developed a mammary tumor. 

Along with these experimental findings, which are offered as evidence 
that the amount of agent in the milk may fluctuate, there is also the possi- 
bility that, in the present experiments, the milk of the C57 black foster 
mothers exerted an inhibitory influence on the multiplication of the agent. 
Finally, since there is no reason to assume that all mice of a high-tumor 
strain harbor equal quantities of the agent, the foster nursing procedure 
may have selected those mice which were least able to propagate the agent. 

The susceptibility of C3H mice to the agent must have been an im- 
portant factor in the outcome of these studies. It is known that all litter 
mate C3H mice do not develop tumors at the same age whether they re- 
ceive the agent by way of mother’s milk or whether they receive measured 
amounts by oral or parenteral administration. If all mice of an inbred 
strain are genetically equally susceptible to the agent, then other influences 
must play a very important role in determining when mammary tumors 
appear. 

Chart 1 contains data suggesting differences in the degree of suscepti- 
bility between members of one family. The C3H colony ancestor was 
relatively resistant since she developed a tumor at the age of 13 months 
which was about 5 months later than the average age at which tumors 
arise in this colony (2). Failure of F, mice Nos. 31 and 32 to develop 
tumors despite the fact they were not fostered is another indication of 


4 ANDERVONT H. B.: Unpublished data. 
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resistance to the agent. Mice Nos. 59, 103, and 104 were relatively sus- 
ceptible. It is also seen that litter mates Nos. 9 and 10 acquired suffi- 
cient agent to develop tumors, but the agent was lost in the offispring of 
No. 9 while it persisted through four generations of descendants of No. 10. 
Descendants of mouse No. 9 were probably more resistant than were 
those of mouse No. 10. 

It is suggested that a diminution in the amount of the agent occurring 
in successive generations of foster-nursed mice together with differences 
in the degree of susceptibility of the animals were the chief reasons for the 
disappearance of the agent. 

Foster nursing of C3H mice to procure an agent-free line can be used 
for further experimentation. The usual method for freeing high-mammary- 
tumor strains of the agent has been to remove the young from the uterus 
just before term and give them to a low-tumor-strain foster mother. 
This technique permits a fortuitous selection of factors controlling the 
time mammary tumors appear in the absence or presence of the agent. 
By this method Heston (10) obtained a line of C3H mice which exhibited 
a mammary-tumor incidence of 38.5 percent at an average age of 20.2 
months.’ In this laboratory the same method produced a line showing 
an incidence of only 3 percent at an average age of 22 months (3). Since 
presumably agent-free C3H mice can develop mammary tumors, it would 
be of interest to ascertain the incidence of tumors in agent-free lines 
procured by successive generations of foster nursing, because the procedure 
may present an opportunity to select mice according to their degree of 
susceptibility to the agent. Animals showing a wide variation in this 
respect could be used to establish agent-free lines in which the incidence 
of mammary tumors could be determined. Low incidences in lines 
derived from agent-resistant mice and high incidences in those derived 
from agent-susceptible mice would suggest that susceptibility to the agent 
parallels susceptibility to the development of tumors in the absence of 
the agent. 

The experiment with strain C mice was performed because Bittner (11) 
had reported an observation on the transmission of the agent which sug- 
gested a diminution in its concentration in successive generations. He 
kept strain A mice with their mothers for a maximum of 24 hours and then 
transferred them to C57 black foster mothers. Six of the fostered mice 
developed mammary tumors, and 4 generations of their descendants were 
obtained. In the first, second, third, and fourth generations there were 
25, 14, 24, and 19 mice, respectively, and they showed tumor incidences 
of 80, 64, 50, and 37 percent. In discussing this result, Bittner stated, 
“ft is possible that the amount of the milk influence obtained by the fe- 
males before they were fc:tered was too small for the active influence to be 
transferred to subsequent generations of their descendants.” Since 
Bittner’s finding implied a gradual decrease in the amount of the agent 
in susceptible animals, it was decided to ascertain whether a similar out- 


§ Final incidence: Personal communication, 
844478—49-__17 
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come would attend the use of another strain. Strain C mice carrying 
the C3H tumor agent (2) were used because they resembled strain A 
in that breeding females show a higher tumor incidence than do non- 
breeders. Descendants of litter mates of the fostered mice were obtained 
to exclude the possibility of the agent’s disappearance or inactivation in 
nonfostered animals, and each animal cast 2 litters, to control, as well as 
possible, the influence of hormonal stimulation. 

Four generations of descendants of the fostered mice did not reveal 
a lowering of tumor incidence. Apparently the agent did not decrease 
in amount in successive generations. Failure to procure results similar 
to those of Bittner may be attributed to the use of strain C mice, which 
are more susceptible than strain A to the development of mammary 
tumors. Nonbreeding C females show an incidence of 50 percent and 
strain A an incidence of 5 percent; strain C breeders exhibit a high inci- 
dence of tumors if they bear one or two litters, but strain A breeders must 
cast three or four litters before they reveal a similar incidence. Thus, the 
difference in the hormonal requirements between the two strains may have 
been responsible for the divergent findings. Further, the dose of the 
agent differed in the experiments because the fostered strain A mice 
remained with their mothers for a maximum of 24 hours after birth 
whereas the C mice were with their mothers for a minimum of 24 and a 
maximum of 40 hours. 

In the descendants of one fostered C mouse (chart 2) the agent was 
transmitted through four successive generations without the occurrence 
of tumors. A similar observation was recorded in the accompanying 
paper (2). It is unlikely that transmission of the agent through tumor- 
free mice accounted for the results obtained with strain C3H for it is 
extremely uncommon for them to transmit the agent and die without 
tumor at an age of 12 months or more, and two successive generations of 
such mice have never been observed in this laboratory. 

Transierence of the mammary-tumor agent from generation to genera- 
tion and the occurrence of tumors in successive generations of inbred 
mice indicates that the agent does not become diluted and implies propa- 
gation. However, there is no record of any experiment in which a small 
amount of the agent was administered to susceptible animals in series 
and the final passage animals shown to possess the agent in high concentra- 
tion. The only experiment along these lines was reported by Green, 
Mossey, and Bittner (12) who infected mice by intraperitoneal injections 
of mammary-tumor filtrates and then attempted serial passages through 
susceptible mice by similar administration of filtered extracts of lactating 
mammary glands. Fifteen mice were used in each of 4 animal passages; 
in the first 11 developed tumors, in the second 6, and in the third and 
fourth, 0. The authors stated that the type of mice, loss or modification 
of the agent, or a change in immunologic relationships may have been 
responsible for the failure of the mice to acquire tumors. 

The experiments recorded here were designed to test for the propagation 
of the agent when transferred from generation to generation by way of 
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mother’s milk, that is, by the natural route of transmission. The results 
were equivocal. Strain C mice obtained sufficient agent from their 
mothers during the first 24 to 40 hours of life to produce a high incidence 
of tumors in four successive generations. While this certainly implies 
propagation in this strain, Bittner’s experiment with strain A implies a 
gradual diminution of the agent in successive generations of susceptible 
mice. 

Tests for propagation in strain C3H were more severe since each genera- 
tion of mice remained with their C3H mothers for 24 to 40 hours before 
transfer to C57 black foster mothers. Under these conditions the agent 
disappeared or was inactivated in high-tumor-strain C3H animals. 

If the time between ingestion of mother’s milk and the appearance of a 
tumor is considered the latent period, then the mammary-tumor agent 
hasalonglatent period. These studies suggest that this long latent period 
may be associated with the propagation of the agent. 


SUMMARY 


Two types of experiments were performed to study the biological 
characteristics of the mouse mammary-tumor agent. The characteristics 
studied were the ability of the agent to propagate in and its disappearance 
from high-mammary-tumor strains of mice. 

In the first type of experiment strain C3H mice were used. New born 
animals were kept with their C3H mothers from a minimum of 1 to a 
maximum of 64 hours after birth and were then transferred to low- 
mammary-tumor strain C57 black foster mothers. Foster nursing was 
continued in successive generations to ascertain whether the mice continued 
or failed to develop mammary tumors. 

Tumors ceased to appear in the majority of experiments when the 
nursing period was limited to a maximum of 40 hours. Results of only 
two experiments in which the nursing period was from 24 to 40 hours were 
presented because they were typical of all others. 

Failure of tumors to occur in the mice was associated with the disappear- 
ance, or inactivation, of the agent. Dilution of the agent in successive 
generations of fostered mice together with their degree of susceptibility 
to the agent were probably the chief reasons for its disappearance in C3H 
mice. 

In the second type of experiment a line of high-mammary-tumor strain 
C mice were used. Eleven of these animals were kept with their mothers 
for a minimum of 24 hours and a maximum of 40 hours and then trans- 
ferred to low-mammary-tumor strains of foster mothers. These were the 
only strain C mice to be fostered, and four generations of their descendants 
were obtained. 

All four generations showed a high incidence of mammary tumors. 
This indicated that the tumor agent did not disappear in descendants of 
fostered strain C mice and suggested that successive generations of foster 
nursing may be essential for its disappearance. 
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In the descendants of one of the fostered C mice the agent was trans- 
mitted through four successive generations without the occurrence of 
tumors, but tumors arose in mice of the next two generations. 


(1) 
(2) 


(3) 
(4) 
(6) 


(6) 
(7) 


(8) 


(9) 


(10) 
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ADDITION PRODUCTS OF DEHYDROPEPTIDES, by Irena Z. Eiger and 
Jesse P. Greenstein. Arch. Biochem. 19: 467-473 (1948). 

The addition has been studied of bromine, mercaptans, and amines to the double 
bond of four dehydropeptides, namely, acetyldehydroalanine, chloroacetyldehydro- 
alanine, acetyldehydrovaline, and acetyldehydrophenylalanine. The criterion used for 
addition was the change or lack of change of the absorption spectrum of the starting 
materials in the ultraviolet, together with the reduction of bromine in selected cases. 
All addition compounds were isolated and characterized. It was found that: (1) 
Bromine reacts nearly stoichiometrically with acetyldehydroalanine and chloracetyl- 
dehydroalanine, less than stoichiometric with acetyldehydrovaline, and not at all 
with acetyldehydrophenylalanine; (2) aryl mercaptans readily add to acetyldehydro- 
alanine and acetyldehydrophenylalanine, but not to chloroacetyldehydroalanine or 
acetyldehydrovaline; and (3) amines add only to acetyldehydroalanine and chloro- 
acetyldehydroalanine, but not to acetyldehydrovaline or acetyldehydrophenylalanine. 


LIVER GLUTAMINASE by Maurice Errera.! J. Biol. Chem. 178: 483-493 
(1949). 


Aqueous liver extracts have been separated into two distinct fractions, designated 
as glutaminases I and II, which are capable of hydrolyzing glutamine under different 
conditions. 

Glutaminase I is activated by phosphate and not by pyruvate and is bound to in- 
soluble liver particles. 

Glutaminase I] is active in the presence of sodium pyruvate and not in the presence 
of phosphate. Sodium phenylpyruvate also activates this enzyme. 


NOTE ON THE ULTRAVIOLET ABSORPTION SPECTRA OF KETO ACIDS 
AND OF KETO ACID PEPTIDES, by Maurice Errera and Jesse P. Greenstein. 
Arch. Biochem. 15: 445-448 (1947). 

In solution at pH <10, pyruvic acid possesses an absorption maximum at 33004 
while pyruvoylglycine possesses maxima at 2400A and at 34004. At pH >10, the 
absorption maxima for both compounds disappear. When the pH is restored to <10, 
the original absorption curve of pyruvic acid is restored, whereas the curve for pyru- 
voylglycine does not change. 

Extension of these spectrophotometric studies to phenylpyruvic acid and to phenyl- 
pyruvoylglycine showed that at pH 7.0, phenylpyruvic acid possesses a band at 2850A, 
and phenylpyruvoylglycine at 2500A. When the solutions were brought to pH 11.5, 
the spectra of both compounds altered, to yield a characteristic absorption with a 
maximum for both compounds at 3250A. When the solutions were brought back to 
pH 7.0, the spectra reverted to their original forms. 

The alkalinization of pyruvic acid, of phenylpyruvic acid, and of phenylpyruvoyl- 
glycine is reversible; that of pyruvoylglycine is irreversible. In the case of the last- 
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mentioned compound, it is believed that treatment with alkali results in ring closure 
with the formation of a y-hydroxypyrrolidone carboxylic acid. 


PHOSPHATE-ACTIVATED GLUTAMINASE IN KIDNEY AND OTHER 
TISSUES, by Maurice Errera' and Jesse P. Greenstein. J. Biol. Chem. 178: 495-502 
(1949). 

Studies of the phosphate activation of glutaminase activity (glutaminase I), hitherto 
studied in the tissues of the rat, have been extended to include other species. 

The glutaminase activity at pH 8.0 in aqueous extracts of rat and mouse kidney, 
liver, brain, and spleen, and of rabbit and guinea pig brain and spleen, is greatly in- 
creased by added phosphate. Under the same conditions, the glutaminase activity 
of extracts of rabbit and guinea pig kidney and liver, and of the sedimentable fraction 
of rabbit and guinea pig liver is only slightly increased by added phosphate. 

Studies of the effect of various phosphate concentrations on the desamidation of 
glutamine in extracts of rat kidney revealed that a higher concentration of phosphate 
was necessary to achieve an appreciable acceleration of desamidation than was the 
case in extracts of brain or liver. The concentration of phosphate required to yield 
maximum acceleration of glutaminase activity appeared to be proportional to the 
concentration of glutamine used. 

Arsenate also accelerated glutaminase activity in rat kidney extracts but appeared 
to be relatively less effective than phosphate. 

The pH for maximum glutaminase activity in rat kidney extracts, in the presence 
or absence of added phosphate, was close to 8.0. 

Most of the phosphate-activatable glutaminase kidney extract can be recovered in 
the pellet after submitting the extract to a single high-speed centrifugation. A 
two-threefold increase in activity was thereby achieved. 

The distribution of glutaminase activity among the tissues of various species is 
discussed. 


ON THE MODE OF IRON BINDING BY SIDEROPHILIN, CONALBUMIN, 
HYDROXYLAMINE, ASPERGILLIC ACID, AND OTHER HYDROXAMIC 
ACIDS, by Silvio Fiala and Dean Burk. Arch. Biochem. 20: 172-175 (1949). 


In contrast to many, perhaps all, proteins which bind iron unspecifically, that is, 
simply by adsorbing it, the plasma protein siderophilin as shown by Schade and Cohn 
makes with inorganic iron a stable, salmon pink complex. Because of the physiological 
importance of this plasma iron carrier, an attempt has been made to elucidate the type 
of binding of iron in this protein-iron complex. It was found that aspergillic acid 
and hydroxylamine under certain conditions make a complex with trivalent iron of the 
same absorption spectrum (maximum at 460) and of the same extinction coefficient. 
In the case of aspergillic acid, a salmon pink complex is formed only if the stoichio- 
metric ratio of iron to aspergillic acid is 1:1, and at that pH at which the hydrogen of 
the hydroxyl group is not dissociated; so that the presence of undissociated hydroxyl 
group is a condition for the salmon pink complex. In the case of hydroxylamine, a 
corresponding complex was formed only when CO, was added in the form of bicar- 
bonate. In this respect hydroxyl amine behaves like siderophilin which as shown by 
Schade and collaborators forms the complex with iron only if CO, is simultaneously 
added. Therefore, in hydroxyl amine, the hydroxyl group, and bound CO, (which 
in this case takes place of the carbonyl group of aspergillic acid) makes possible the 
formation of the same type of complex as is formed with aspergillic acid. In the case 
of siderophillin not only CO, but also the addition of the hydroxy group is necessary. 
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This is evident from the dissociation curve of the siderophilin-iron complex, whose 
shape suggests that the addition of one OH group is necessary for the binding of one 
ferric ion. In the case of aspergillic acid, both OH group and carbonyl group are al- 
ready present and prepared to take up Fe; while in the case of hydroxylamine only the 
OH group is present, and therefore CO, has to be taken up to complete the configura- 
tion necessary for this specific iron combination; and in the case of siderophilin and 
conalbumin, both these groups (one OH and one CO,) have to be added to complete 
the configuration. 

From this and other considerations, the following configuration responsible for this 
specific iron binding, which leads to the absorption spectrum at 460y, has been derived: 


PREPARATION OF l- AND d-ALANINE BY ENZYMATIC RESOLUTION 
OF ACETYL-dl-ALANINE, by Paul J. Fodor,' Vincent E. Price, and Jesse P. Green- 
stein. J. Biol. Chem. 178: 503-509 (1949). 


l-Alanine with [a]? in 0.97N HCl=+14.°4 and d-alanine with [¢]¥ in 1.0N HCl= 
—14.°4 were obtained in yields of 73 percent and 39 percent respectively by the asym- 
metric hydrolysis of acetyl-dl-alanine by a hog kidney preparation. 

A similar procedure combined with chloroacetylation, involving chloroacetyl-dl- 
alanine, yielded chloroacetyl-l-alanine with an [a]? in water=—45.°6 (yield 40 per- 
cent), and chloroacetyl-d-alanine with an [a]? = —45.°4 (yield 43 percent). 

The asymmetric enzymatic hydrolysis of certain other acylated racemic amino 
acids suggests that the method may be extended to include the resolution of racemic 
amino acids other than alanine. 


THE PREPARATION OF p-DIMETHYLAMINOBENZOIC ANHYDRIDE, by 
William S. Fones. J. Am. Chem. Soc. 70: 1966 (1948). 

p-Dimethylaminobenzoic anhydride was prepared by the action of phosphorous 
pentoxide on p-dimethylaminobenzoic acid in boiling xylene and by the addition of 
phosphorous oxychloride to a solution of p-dimethylaminobenzoic acid and triethyl- 
amine in chloroform. 

The anhydride was characterized by conversion to the known methyl p-dimethyl- 
aminobenzoate and p-dimethylaminobenzamide through the action of methanol and 
ammonia respectively. 


PREPARATION OF p-DIMETHYLAMINOAZOBENZENE CONTAINING 
ISOTOPIC NITROGEN, by William S. Fones and Julius White. Arch. Biochem. 20: 
118-124 (1949). 

p-Dimethylaminoazobenzene (DAB) was prepared containing N" in each of the 
three possible positions. Isotopic ammonia was converted into benzamide, hence to 
aniline, and finally aniline was coupled with dimethylaniline to give DAB with the 
aniline moiety labelled. The dimethylamino group was labelled by methylation of 
isotopic aniline and coupling of the resulting isotopic dimethylaniline with aniline. 

Labelling of the primary amino group in the p-aminodimethylaniline residue was 
accomplished by the series of reactions outlined below. Isotopic ammonia upon 
reaction with p-nitrobenzoyl chloride gave the expected amide which was then con- 
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verted to p-nitroaniline by the Hofmann procedure. Acetylation of this compound 
followed by reductive methylation gave N-acetyl-p-aminodimethylaniline which upon 
hydrolysis yielded p-aminodimethylaniline containing N“ in the primary amino group. 
Condensation of this compound with nitrosobenzene gave the desired DAB. 


DEHYDROPEPTIDASES, by Jesse P. Greenstein. In Advances in Enzymology 
8: 117-169. Interscience Publ. Inc., N. Y. (1948). 

A review of the development of the syntheses of dehydropeptides, the discovery of 
dehydropeptidases in tissues, the separation of various dehydropeptidases from one 
another, the relative susceptibility to hydrolysis of various types of dehydropeptides, a 
description of the methods of measurement of dehydropeptidase activity, and 
physiological modes of origin of dehydropeptides. 


a-KETO ACID-ACTIVATED GLUTAMINASE AND ASPARAGINASE, by 
Jesse P. Greenstein and Vincent E. Price. J. Biol. Chem. 178: 695-705 (1949). 

The activation of glutaminase II by a-ketoisocaproate in digests of rat liver extracts 
with glutamine is optimal at pH 8.8 and at a molar ratio of keto acid to glutamine of 
about unity. 

The separation of asparaginase I from a-keto acid activated-asparaginase II activity 
in liver extracts by selective heat denaturation is discussed, and heated preparations of 
rat liver extracts have been taken as sources of asparaginase II. The activation of 
asparaginase II by a-ketoisocaproate and by pyruvate in digests of heated rat liver 
extracts with asparagine is optimal at pH 7.5 and 8.0, respectively, and at a molar 
ratio of either keto acid to asparagine of about 2-3. With increasing amount of 
added keto acid the desamidation of asparagine does not decrease, as is the case with 
glutamine, but is maintained at a nearly constant level. The course of the desamida- 
tion of asparagine in the presence of pyruvate is continuous with time of incubation 
and approaches the theoretical value. 

Sodium chloride or sodium pyruvate added to unheated liver extracts produce a 
small but definite increase in the desamidation of asparagine. In heated extracts, 
the desamidation of asparagine in the presence or absence of sodium chloride almost 
completely disappears, but in the presence of sodium pyruvate it is nearly completely 
retained. Extracts of rat kidney, spleen, and brain do not show these activation 
phenomena, and it is concluded that asparaginase II is not present in these tissues. 

The preparation of 8-L-aspartyl-L-alanine is described. Neither this peptide nor 
N-carbobenzoxy-L-asparagine is hydrolyzed by rat tissue extracts. 


OPTIMUM GONOPODIAL MORPHOGENESIS IN PLATYPOECILUS MACU- 
LATUS WITH CONSTANT DOSAGE OF METHYL TESTOSTERONE, by 
Clifford Grobstein. J. Exper. Zool. 109: 215-238 (1948). 

In order to determine the optimum gonopodial morphogenesis obtainable with 
constant dosage levels of methyl testosterone, 438 females regenerating their anal 
fin and 97 castrated immature males have been treated by addition of the androgen 
to their environment. Variation in effective potency was found when aerated tap 
water was used as the medium. More reliable results were obtained when a synthetic 
saline, approximately one-quarter strength amphibian Ringer’s, was substituted for 
the tap water. Under these conditions, the optimum concentration range for gono- 
podium formation lay between 0.02 and 0.06 micrograms per liter. 

Optimum constant concentrations induce a morphogenesis which closely resembles 
that of the normal male but differs significantly in temporal pattern and details of 
final morphology. The results suggest that constant dosage of the single androgen, 
methyl testosterone, cannot duplicate the normal process of gonopodium formation 
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in Platypoecilus maculatus. Other variables which may contribute to the normal 
inductive pattern are discussed. 


HEREDITARY RENAL DISEASE AND AMYLOIDOSIS IN MICE, by W. E. 
Heston and Margaret K. Deringer. Arch. Path. 46: 49-58 (1948). 

These studies on the occurrence of nephritis and amyloidosis in the high-nephritis 
strains A and Y and the low-nephritis strain L and in their hybrids confirm Dunn’s 
earlier suggestion that the two conditions are associated, the amyloidosis preceding 
the nephritis. Both genetic and nongenetic factors were demonstrated to be causative 
agents. Outstanding among the nongenetic factors was a chronic dermatitis that 
was caused by the mite, Myobia musculi, and that resulted in amyloidosis. The 
secondary amyloidosis in turn resulted in nephritis. 

Segregation ratios in the F, and backcross generations suggested that the primary 
amyloidosis and its resulting nephritis were caused by a single recessive gene. Final 
conclusions, however, must await the results of breeding tests of backcross or F; 
segregants. 

These results suggest the desirability of studies in search of such a genetic factor 
as the causative agent of primary amyloidosis in man. 


HEMATOLOGICAL EFFECTS OF IONIZING RADIATIONS, by Leon 0. 
Jacobson, Edna K. Marks, and Egon Lorenz. Radiology 52: 371-395 (1949). 


DEPHOSPHORYLATION OF ADENOSINETRIPHOSPHATE (ATP) BY 
NORMAL AND PATHOLOGICAL HUMAN SERA, by Alton Meister. J. Clin. 
Investigation 27: 263-271 (1948). 


The dephosphorylation of adenosinetriphosphate (ATP) by normal and pathological 
human sera exhibits two pH optima at about 8.9 and 4.8. Hydrolysis of ATP at 
pH 8.9 is associated with the splitting of all three phosphate bonds of ATP and is 
probably due to several enzymes, including alkaline phosphomonoesterase, although 
the hydrolysis of labile phosphate is apparently the rate-determining factor. De- 
phosphorylation of ATP at pH 4.8 usually consists of splitting of the labile phosphate 
linkages, and the evidence suggests that this activity is not due to acid phosphatase. 
The presence of an ‘‘acid’”’ adenylpyrophosphatase in serum, seminal fluid, and possibly 
other tissues is suggested though not established. 

The effects of substrate concentration, calcium, magnesium, fluoride, cyanide, and 
dialysis on the splitting of ATP by human serum are described. The pH activity 
curves for the dephosphorylation of ATP by several animal sera are given. 

A comparison of ATP dephosphorylation and phosphomonoesterase in a small 
group of normal and pathological human sera was made. Elevated adenosinepoly- 
phosphatase activity was frequently associated with liver disease and bony metastasis 
from prostatic carcinoma. 


METABOLISM OF 3,5-DIKETOHEXANOIC ACID AND ITS s-LACTONE 
BY TISSUE HOMOGENATES, by Alton Meister. J. Biol. Chem. 178: 577-589 
(1949). 

Aqueous homogenates of rat liver and kidney catalyze the hydrolysis of the 5-lactone 
of 3,5-diketohexanoic acid yielding free 3,5-diketohexanoic acid. This reaction occurs 
more rapidly in kidney than in liver and has a pH optimum at 5.9 to 6.3. Neither 
liver nor kidney metabolize dehydroacetic acid. Free 3,5-diketohexanoic acid is 
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hydrolyzed by kidney and liver homogenates to yield one mole each of 
acetoacetic acid and a volatile acid, probably acetic acid. The latter reaction is 
faster in liver and has a pH optimum at 7 to7.3. The two enzymes have 
been separated by high speed centrifugation of liver homogenate. The lactonase is 
associated with the pellet while the enzyme hydrolyzing 3,5-diketohexanoic acid 
remains in the supernatant. A partially purified enzyme preparation possessing ac- 
tivity only towards the diketo acid has been prepared from rat liver. 

A spectrophotometric procedure based upon the high ultraviolet absorption of 
polyketo acids was employed in the course of these studies. A simple colorimetric 
method for the determination of acetylacetone was described. 


N-ACYLATED AND N-METHYLATED GLYCYLDEHYDROALANINE, by 
Vincent E. Price and Jesse P. Greenstein. J. Biol. Chem. 173: 337-344 (1948). 

Chloroacetylglycyldehydroalanine, glycylglycyldehydroalanine, chloroacetyl-N- 
methylglycyldehydroalanine, and N-methylglycyldehydroalanine were prepared, and 
their susceptibility to the action of extract preparations of various rat tissues was 
studied. Chloroacetylglycyldehydroalanine and glycylglycyldehydroalanine were 
hydrolyzed in digests of all tissues studied at close to the same rate as glycyldehydro- 
alanine. In the case of the first-mentioned substrate with kidney digests, no increase 
in a-amino nitrogen was noted in the ammonia-free digests after the dehydropeptide 
bond was completely hydrolyzed. N-methylglycyldehydroalanine was hydrolyzed at 
a lower rate than glycyldehydroalanine, while chloroacetyl-N-methylglycyldehydro- 
alanine was not hydrolyzed in any of the tissues studied. From the data obtained, 
certain substrate specificities for the action of dehydropeptidases I and II have been 
considered. 

A brief description is given of the action of aqueous solutions of methylamine and of 
dimethylamine on chloroacetyldehydroalanine, leading under certain experimental 
circumstances to apparent substitution of the amines at the double bond of the de- 
hydropeptide. 


APPLICATION OF CHROMATOGRAPHY TO THE SEPARATION OF 
SUBCELLULAR, ENZYMATICALLY ACTIVE GRANULES, by Vernon T. Riley, 
Marie L. Hesselbach, Silvio Fiala, M. W. Woods, and Dean Burk. Science 109: 361- 
364 (1949). 

Melanized granules of the Cloudman 891 and Harding-Passey mouse melanomas can 
be reversibly adsorbed on Celite columns and are thus subject to chromatographic 
manipulation. Asa consequence, certain other constituents of the tumor homogenates 
can be readily separated from the granules, thereby providing a basis for noncentrifugal 
segregation of a substantial portion of the other tissue components. The granules so 
separated appear essentially as a homogeneous population in the phase contrast 
microscope. Granules of the Harding-Passey tumor examined in the electron micro- 
scope were also essentially free of contaminating microsomal elements and particulate 
debris. The mean diameter of these chromatographed granule preparations was 0.3 to 
0.4 microns, with a size range of approximately 0.2 to 0.6 microns. 

The particulates separated from the 891 melanoma by chromatography were studied 
enzymatically with respect to succinoxidase and dopa oxidase with a QO.(N) increase 
of approximately sixfold and tenfold respectively when compared to the starting 
extract partially purified by centrifugal clearance. 

The adaptation of chromatography to subcellular particulates ranging from the 
chicken tumor agent in the virus range to melanized granules in the mitochondrial and 
bacterial size range provides another method of separating and characterizing intra- 
cellular particulates. 
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BRITISH-AMERICAN EXCHANGE FELLOWSHIPS IN CANCER 
RESEARCH 


Awarded upon recommendation of The Committee on Growth of The 
National Research Council 


British-American Exchange Fellowships in Cancer Research of the American Cancer 
Society, awarded by the Society upon recommendation of the Committee on Growth 
of the National Research Council, are offered to citizens of the United States for 
advanced training and experience in Great Britain in specialized fields of investiga- 
tion pertaining to the problem of cancer. Similar fellowships are awarded by the 
British Empire Cancer Campaign to British scientists for study in the United States. 
The Society and the Committee on Growth welcome the cooperation of universities 
and hospitals in making known these opportunities to suitable candidates. 


FieLps oF Stupy 


These fellowships are awarded by the American Cancer Society to provide spe- 


_cialized training for American investigators in Great Britain where opportunities exist 


for study in facets of research in malignant disease not widely available in this country. 
Training for an equal number of young British scientists selected by the Campaign 
will be provided in this country. The Society, the Committee on Growth, and the 
British Empire Cancer Campaign believe that the training of young men and women 
in the many complex disciplines of modern scientific thought and techniques are funda- 
mental to a sound approach to the problem of human cancer. 

Candidates will be favored who¥express intention of following a career in a dis- 
cipline applicable to the study of growth. In evaluating fellowship applications, the 
Committee will keep in mind potential applicability of the proposed training program 
to problems of neoplastic growth in specialized scientific areas in which superior 
facilities exist in Great Britain. 


QUALIFICATIONS OF APPLICANTS 


Fellowships are open to citizens of the United States who possess the degree of 
Doctor of Medicine, Doctor of Philosophy, or Doctor of Science. They are intended 
for young men and women embarking upon a career in clinical medicine or basic 
research and also for more mature candidates desiring to extend their fields of com- 
petence in these fields. Applicants must be able to demonstrate that they have quali- 
fications necessary to pursue investigation in the fundamental sciences or in clinical 
medicine. 

Applications should include the institution where the fellow plans to work in Great 
Britain, the individual under whom the fellow desires to work, what problem he 
intends to investigate, and when he wishes to start. 


ConpDITIONS OF APPOINTMENT 


Fellowships will be awarded for a period of one year. 

The annual stipend will be £1,000 ($4,020). An allowance of $600 is made for 
travel to the site of the fellowship in Great Britain. 

University staff appointment, with teaching duties agreeable to the fellow, is per- 
mitted, provided it carries no additional salary and provided it is acceptable to the 
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Committee on Growth, the American Cancer Society, and the British Empire Cancer 
Campaign. No other remunerative work will be permitted during the tenure of the 
fellowship. 

Fellowship appointments are subject to the condition that once accepted, they will 
not be vacated or the place of work changed within the period of tenure without the 
consent of the Committee on Growth, the American Cancer Society, and the British 
Empire Cancer Campaign. 


APPLICATION 


Application forms for British-American Exchange Fellowships in Cancer Research 
may be procured from and submitted at any time to the Executive Secretary of the 
Committee on Growth, Division of Medical Sciences, National Research Council, 
2101 Constitution Ave., Washington 25, D. C. Favorable action by the Committee 
on Growth takes the form of a recommendation to the American Cancer Society and 
is subject to approval by the Society. Fellowships will be made effective at the con- 
venience of the institution and the fellow. 


LocaTION OF WoRK 


British-American Exchange Fellowships in Cancer Research are not granted to 
institutions. The place where the applicant chooses to work and the person under 
whose guidance he wishes to work must be approved by the Committee on Growth 
and the British Empire Cancer Campaign. Universities or institutions in which fellows 
plan to work will supply necessary facilities and equipment. 


‘ REPORTS 


Within 30 days after the termination of each year of the fellowship, the fellow is 
required to submit a report of his work during that period to the Committee on Growth. 


PUBLICATIONS 


It is understood that results of work carried out by a fellow shall be available to 
the public through the approved scientific channels without restriction. Publications 
should include a statement that the investigation was carried out during tenure of a 
British-American Exchange Fellowship in Cancer Research of the American Cancer 
Society and the British Empire Cancer Campaign, recommended by the Committee 
on Growth of the National Research Council. The Comptroller, American Cancer 
Society; Executive Secretary of the Committee on Growth; and the General Secretary 
of the British Empire Cancer Campaign should be notified immediately of acceptance 
of manuscripts for publication, in order that reprints may be ordered. 
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ANNOUNCEMENT REGARDING AVAILABILITY 
OF FUNDS FOR RESEARCH ON LYMPHATIC 
LEUKEMIA 


The National Research Council announces the availability 
of a fund of $25,000 from the estate of Charles R. Blakely 
for support of research in the field of lymphatic leukemia. 
Applications for grants-in-aid from this fund are now being 
entertained. Application forms and additional information 
may be obtained from the Chairman, Division of Medical 
Sciences, National Research Council, 2101 Constitution 
Avenue N. W., Washington 25, D. C. 


COMMITTEE ON GROWTH: CANCER GRANTS 
AND FELLOWSHIPS 


The Committee on Growth of the National Research Council, acting for the Ameri- 
ean Cancer Society, is entertaining applications for grants and fellowships. Appli- 
cations for new Grants in Cancer Research will be received until 1 October. Investi- 
gators now receiving grants will be notified individually regarding applications for the 
extension of these grants. Final decision on applications will be made in most cases 
soon after 1 February. Grants approved at this time ordinarily will become effective 
1 July 1950. 

Fellowship applications may be submitted at any time. Those received prior to 
1 November will be acted upon by the Committee on Growth in December. Those 
received between 1 November and 1 March will be acted upon in April. Fellowships 
ordinarily will begin 1 July though this date may be varied at the request of the 
applicant. 

During the past year the American Cancer Society, Inc., on recommendation of the 
Committee on Growth has approved research grants and fellowships totaling over 
$2,000,000. 

Communications regarding grants and fellowships should be addressed to Executive 
Secretary, Committee on Growth, National Research Council, 2101 Constitution 
Avenue N. W., Washington 25, D. C. 
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